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PREFACE. 



Tlie historical portion of this volume lias be<!ii coiitlensed 
from notes made from time to time in the sludy of the 
subject. With the view of making it as short as possible, 
I have giveo only those experiraeiita and observations that 
seemed important to a proper understandiug of the subject, 
avoiding all but the most necessary details; aiming at the 
same time to preserve all that will be of real advantage to the 
general student. Many familiar names will be missed, for 
the reason that many have written, and some of them very 
well indeed, who have developed no distinctive fact or 
thought that is of service in t!ie farther pnigress of the sub- 
ject. When we come to analyze any such subject, most men 
are surprised to find how few have been instrumental iu the 
development of the real basic facts on which our knowledge 
of it rests. Therefore, if we can properly estimate the import 
of the matter presented, the history of the developmeut of 
any such subject may be briefly written. Whether or not I 
have determined wisely, the intelligent reader mu.st judge. 

The second part was written because I had something to 
say that I thought ought to be said at the present time. The 
men who have been most instrumental in the development of 
this subject have given us little else than the experimental 
faetiS. These will satisfy the rciinds of but very few. Most 
of us appreciate any subject more if we understand why these 
things are so. It ia this why that I have sought to supply. 
This I leave for intelligent discussion to sift, and separate the 
good grains from the chaff, 

G, V. BLACK, M.D., D. D. S. 
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A STUDY 



GERM THEORY OF DISEASE. 



HISTORICAL. 



INTRODUCTION. 

Ill presenting an liistorical eketch of the Genu Theory of 
Disease, it will be my effort to review briefly the iJeas, con- 
troversies and experiments, that have gradually led up to 
our present knowledge concerning it. At present I know of 
no single treatise on this subject from which those who have 
not followed its now extensive literature can gain a clear 
view of it, obtain a just conception of its magnitude, of the 
labor that has been bestowed upon it, or of its immense im- 
portance. The history of this subject iu its completeness, 
would be a history of the efforts of men to stay the ravages 
of epidemic and contagious diseases; a history of the efforts 
of men to understand the causes of plagues and pestilences ; 
a history of the efforts of men to see farther, and still farther, 
into the secret causes which produce sickness and diminish 
the longevity of the race. I cannot, however, give more 
than a brief synopsis of the principal thought, experiment 
and discussion, bearing most directly upon, and finally lead- 
ing to the adoption of present theories. The literature of 
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the subject is now quite extensive, and is, for tlie most part, 
scattored through works upon disease in general, more es- 
pecially works on surgery. Very few bonks were written 
especially on this branch of medicine until quite recently; 
and these generally dealt with some particular phase of the 
subject, or with the very recent experimentation, giving little 
or no account of preceding inquiries. Therefore it is very 
difficult for one who takes up the subject now to gain a 
corapreheusive view of it as a wliole. It will be my object 
to supply such a view in a short and concise recital of the 
thought, experiment and discussion, that has been most effect- 
ive in leading to our present knowledge, and most essential 
to an understanding of the work now being done in thia 
field. 

FIEST TRACES. 

For many centuries these ideas consisted in vague con- 
jectures, arrived at from the study of coutagion— an undefined 
something that could pass from the sick to the well, and cause 
disease. We find that Ulysses (Homer's Odyssy, Book XXII), 
used sulphurous acid to destroy the odor and toxic products 
of decomposition. 

Early in the history of Greece we find that men had 
learned that certain localities were unhealthy. Their notion 
seemed to be that something obnoxious to health was being 
generated at these places; and we find them acting with 
judgment in regard to the location of their hospitals and 
important buildings. The physicians of antiquity observed 
that, in epidemic diseases the then existing theories were in- 
sufficient. They recognized that there was something extra- 
ordinary to deal with. They spoke of a " constitntio pestilens " 
and of a "genus epidemicus," but as to the nature of thia 
constitution of disease they had few clear ideas. 

Diodorus found an explanation of the cause of the Athenian 
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Plague in the circumstance ttmt "a great multiltide of people 
iVftm all quarters streamed into the city, and being cramped 
Inr room, breathed cnrrnpted air." Decomposing filth, social 
s((ualor, bad weather, etc., were regarded as causes of disease, 
by both pliysicians and laymen. 



INCENTIVES TO THE STUDY. 

When we turn our attention to the contagious diseases, to 
tlie great plagues of past times, and watch the progress of 
thought in regard to them, the absence of knowledge of the 
means of staying their progress, the utter helplessness of the 
people in times of pestilence, seems simply terrible. Without 
a knowlerlge of the diseases of a country, we find it difficult 
to understand aright its history or its civilization. These 
great diseases have often destroyed the army of the conqueror, 
or given the death blow to an advancing civilization, and 
have loft a strange and enduring impress upon the intellectual 
life of greiit communitie.s. It is generally kiiowu how, iu the 
Fourteenth Century, the most deadly of all the pestilences that 
are recorded in past history — the Black Death — changed the 
direction of intellectual and social activity throughout the 
chief part of the civilized world, and showed its impress on 
the developments of succeeding centuries. We can gain but 
a J'aint idea to-day, through what we have seen aroLmd us, 
of the devastation that may be caused by epidemic diseases 
running without check ; or of the significance they have 'had 
in the progress of civilization. 

The terrible results of epidemic and contagious diseases 
have furnished the strongest possible incentives to the study 
of the underlying causes. In all ages of the world the effort 
to understand them has been unceasing. 
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FIRST DEFINITE ANNOUNCEMENT. 

The (irat definite announcement of a belief that disease i 
caused by organic germs, tliat I have found, was in the time i 
of the Roman Empire. 

De-re-Ru3tica, Varro and Columella, refer the origin of 
malarious fevers to the entranue of low organisms into the 
body. But they seem not to have given the special oteerva- 
tioDS upon which their conclusiona were founded. All along 
down the centuries, the idea was frcc[Uont]y expressed that the 
plague of the day was caused by minute organisnis. 

This doctrine, however, obtiiiued wide recognition when 
some sort of basis for such theories was furnished by the 
microscopic demonstration of very minute living organisms, 
invisible to the naked eye. Especially after the discovery of 
the spermatozoa by Leuwenhoeck in 1677. These were then, 
and for years afterwards, supposed to be real animals. It 
having now been demonstrated, apparently, that I'eal animals 
were living in the bodies of men, (he doctrine that diseases 
were caused by minute organisms spread far and wide. Among 
the best known advocates of this theory were Kircheu, Lancici, 
Valisneri, Raumum, and Linue. Eut even those who best 
understoo<i the theory never reached anything more than 
rough conceptions; while many lost themselves in wild ex- 
aggerations. The animals causing disease were described as 
flying about in the air, something like swarms of insects, with 
crooked bills and sharp claws ; and one writer proposed to 
destroy them during epidemics by the blowing of horns and 
the firing of cannon. We can readily conceive that such 
fantasies would bring down ridicule upon the whole theory ; 
and ia time these wild notions were dissipated and the germ 
theory slept. 



ZYMOSIS. 1 5 

PHLOGISTON. 

Eut'amid these fantasies there was a Jeep vein of earnest 
observation and thought. Physicians saw a pestilence strike 
a community as a spark strikes among shavings, and kindling, 
attack person after person in society, as fire would leap from 
house to house in a city. Sydenham says : " Ita Ignis ignem 
generat et maligno infectus morho socium inficil," 

Stahl supposes a principle of inflammability or the matter 
of lire in composition with other bodies, an hypothetical 
element supposed to be pnre fire, fixed in combustible bodies, 
in order to distinguish it from fire in action or in a state of 
liberty. This was called " Phlogiston." A similar supposi- 
tion obtained iu r^ard to epidemic and contagious diseases, 
viz., thai there was some substance or force in man himself, 
which, when once put in motion, acted similarly to fire and 
spread with deadly effect. To this day, remedies directed 
against ivjtamtnation or inflammatory contHtions are called 
antiph logistics. This theory of the origin and propagation of 
epidemic diseases seems to have been much discussed. 

ZYMOSIS. 

Another hypothesis was based on the known action of fer- 
ments, which is mahitained to this day, the present germ 
theory being considered within the limits of this hypothesis. 
It was seen that yeast, when added to certain compounds con- 
taining sugar, caused certain phenomena. That a very small 
quantity of the yeast was necessary for a beginning, and that 
this would be reproduced continuously. It could be carried 
from vat to vat of grape juice for any number of times, and 
tile more fermentation accomplished the more the ferment 
increased. It was found, also, that this kind uf fermentation 
would begin, but less promptly, without the addition of yeast, 
and that in this case also the yeast was formed. Now they 
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reusoDed that the action of epidemic and contagions diseases 
was the atimc. From the Bick persou it seemed that a Bub- 
Btantte or force was conveyed to the well. Thus, one sick 
jiereun may infect a dozen, and each of these a dozen more, 
etc., 80 that the disease is rapidly diffused through a com- 
munity, It will be seen at once that the similarity between the 
phenomena of these diseases aod the phenomena of fermenta- 
tion is very close. These two hypotheses gave rise to much 
discussion. They seem to have stood side by side until the 
one merged into the other, for the more they were discussed 
the more similar they seemed to become. Finally, the first is 
lost sight of and the Zymotic theory of epidemics and con- 
tagions, an developed by Willis in 1669, has eoiitiiiuod to be 
the generally accepted theory. 

JENNER. 
When Jenner discovered the relation of the vaccine disease 
to smallpox, and began tlie use of the vaccine virus as a pro- 
tective against that malady in 1798, there came a much 
greater confidence in the fermentation, or as it is called, the 
zymotic theory of contagion. Here the physician had a body 
that he could carry about and use at will, a^ he could yeast. 
He could introduce this disease-producing yeast, or virus, into 
the skin of a healthy person, and after a certain time, a disease 
would manifest it^^elf ; just as lie could introduce yeast into a 
solution of sugar, and after a certain time, find the phenomena 
of fermentation. A small amount of either was aufiicient ; in 
each cose a certain period of rest was observed before the 
cliaracttiristic miinifestutiuns dtwlured themselves ; a stage of 
incubation. In each case the peculiar product first used was 
largely increased. In ease uf the vaccine, a dozen could be 
vaccinated from the product of the first vaccination, just as 
from the product of the fermentation of a single butt of must 
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eiinngh yeast could be produced to quiekly start ferraentatiou 
in a dozen more ; and so on, ad infinitum, in both cases. The 
phenomena of the one following precisely the role of the phe- 
iiiimena of the other ni every respect, only one was the fer- 
mentation of sugar, and the other was the production of the 
disease. Vaccina. 

Neither did the likeneaa stop here; but, as we shall see, it 
went much further. It was then well kuowu that a certain 
amount of heat destroyed the power of yeast forever. Trial 
showed that precisely tlie same thing happened with the 
vaccine virus. Furthermore, it was well known that when 
a solution of sugar has been under the process of fermentation 
until that process has spontaneously ceased, a fnrtlicr fermenta- 
tion could not be had by adding more yeast; although uu- 
fermentad sugar may remain in the solution. The results 
when completeil are completed once for all; and for a new 
trial a new mixture must be had. Or in other words, the 
result of fermentation prevents fermentation of the same 
character again faking place. These phenomena are again 
re|)eated by the vaccine virus. A person once vaccinated is 
rendered insusceptible to further vaccination; at least for 
some years. All these facts taken together furnished the 
strongest possible proof of tiie identity of the two processes, 
at least in mode of operation; however wide the difference 
in the results. And the well known fact, that in the great 
majority of the then known contagious di.'^eases, one attack 
rendered the subject of it incapable of again taking the same 
malady, served to extend the theory to all diseases of this class. 

NINETEENTH CENTURY. 

This is the condition in which we find the theory of zymotic 

disea.'^es at the beginning of the present <«ntury. To say that 

this theory was universally accepted and satisfactory, would 
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be untrue. Very many denied the relevance of the facts 
brouglit forward, and soughtother ejtplanations; but without . 
gaining much favor. Earnest men were examining the act 
of fermentation ; andcspecially seeking the causes of putrefno- ( 
tion. Why should a dead body pass bo quickly into a etata 
of putrefaction? Enough was known to convince many ' 
thoughtful men tlmt putrefaction was not caused by anything ] 
inherent in the flesh itself; for, under some circumstances, 
decomposition did not take place. They had learned to pre- 
vent it, at least for a long time, in meats that were preserved 
for food. Many other circumstances came up which furnished 
food for thought, and which shook the faith in the idea that 
fermentation of vegetable substances and putrefaction of 
animal tissues were truly spontaneous and inherent in the 
nature of such bodies. 



EARLY DISCOVERIES. 

In the first decade of thesixtwnth century, Von Helmont 
had i-hown that the gas arising from fermentation was different 
from common air ; was curbop dioxide. And the otber pro- 
duct, alcohol, had been known from theearliest historic times, 
but it was not isolaie*! until the fifteenth century, though its 
distillalion was regularly practiced in the eighth. It bad been 
shown by Gay-Lussac, that grape jui™ does not ferment in 
vacuo. This was discovered in a now classical scries of 
ejcpcriments, in which ibis experimenter caused clean grapes 
to aJK«nd through the mercury of a lai^e barometer into the 
Toricellian vacuum, and then crushed them by means of a mer- 
curial column. This juice remainctl unchanged, but the addi- 
tion of amall quantities of air set up fermentation. Stahl, in 
1731, arrived at the conclnsion that fermentation and putre- 
faction were similar or identical processes. This was also the 
opinion of Justus Liebig, one hundred years later. 



EARLY DISCOVERIES. 



In 16S0 the Dutch professor I^uwerihLCck bcifaii tin; 
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examination of yeast under the microscoi>e, j 
consist of minute ovoid or globular particles. But the imper- 
fection of the instrunientB of his time prevented the discovery, 
which seemed so near, of the nature of these particles. Ex- 
periments of various kinds were institutetl by many [lersons, a. 
few of which may be mentioned : A. bladder was filled with a 
solution of sugar and suspended in another solution of sugar, 
to which yeast had been added. While fermentation went 
regularly ou in the Huid in the containing vessel, the fluid in 
the bladder did not partake in the fermentation. A vessel was 
divided into two compartments by a partition of filtering 
pai»;r, a solution of sugar placed in each and yeast added to 
one. Fermentation went on promptly in the Dom^mrtment to 
which the yeast was added, but the other remained free fmm 
fermentation. Many other experiments arc also recorded, all 
tending to show that fermentation is something different from 
ordinary chemical action. But the men of die time seemoti 
unable to understand the significance of their ex])erimen(s, 
which, to us, prove conclusively that the substance causing 
fermentation is particulate and not soluble, otherwise it would 
pass through the Alters and produce its results. 

In 1787 Fabroni affirmed that " the matter which decom- 
poses sugar is a vegcto-anlmal substance; it resides in par- 
ticular utricles in grapes, as well as in corn. When grai>ea 
are crushed this glutinous matter is mixed with the sugar. 
Directly the two substances come in contact, efiervescene« and 
fermentation commence." 

Astier, in 1813, asserted that "the matter of ferment, 
recognized by Fabroni as an animal substance, was alive and 
derived its nourishment from the sugar, whence resulted the 
rupture of the equilibrium between the elements of thi:i body. 
By this theory," said he, "it is easily explained that all the 
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ciiiises wliicli kill animals or liimlcr their development mi 
le opposed to fermentation" ( Sell utzeii be rger, ' page 3 
This seems to be the first appearance of the niodurn germ 
theory in a definite form, and the first announcement of the 
true theory of the antiseptics. Astier, however, regarded the 
living substance as composed of animalcules, A number of 
observers within the next few years seem to have arrived at 
the same conclusion. 

sen WAN. 

The nest real advanc* was made about the year 1838, 
when Sehwan and Latoiir, each independently, took op the 
microscopic inquiry, with improved instruments, and dis- 
covered that the granules of yeast were membranous bags, 
which exhibited all the morphological charat'ters of vegetable 
cells, and under proper conditions increased and multiplied, in 
the biological sense. The conclusion was quickly reached by 
them, that it was the life and growth of the plant which 
caused the chemical changes of fermentation; and that the 
products, carbou dioxide and alcohol, were excrementitions 
products of the plants. 

At this time Schwan was working on spontaneous genera- 
tion, which he very distinctly negatived. He also, together 
with Schultz and Helmholtz, was the first to establish the fact ■ 
that putrefaction would not occur without the presence of cer- 
tain minute organisms, which might be destroyed by boiling; 
and then, that air deprived of these organisms by being heateii, 
or by filtering through sulphuric acid, might be admitted 
and yet no decomposition would occur. This destroyed the 
hypothesis previously held, that oxygen was the active agent 
in decomposition ; yet it was not generally accepted. It is to 
this discovery that we owe our ability to preserve fruits, 
meats, etc., in cans hermetitally sealed, which has conferred 
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EFFECTS OP BCHWAn's DISCOVERIES. 
These brilliant discoverie-i very hood attracted general at- 
tention to tlie subject from the scientific world, and as iden- 
tical theories, as we have shown, had long been held as to the 
nitxles of propagation and action of contagious diseases, and 
of fermentation and putrefaction, the theory of a contaginni 
vivnm again came to the front, and was urged by some of the 
strongest minds of the time. The new theory, however, was 
destined to fight its way inch by inch. Every new fact that 
was put forth had ta pass tiie most rigid criticism that the 
opponents of the theory could bring to bear upon it; and for 
a time it seemed as if it would be crushed out of existence 
notwithstanding its apparent demonstration. 

LIEBIG'S OPPOSITION. 

The strongest opponent of the vital theory, as it seems to 
me, was the then comparatively young Professor of Chemistry 
at Giessen, Germany, Justus Liebig. Liebig's view of fer- 
mentation is practically the same as that enunciated by Willis 
in 1659, and maintained by others in the succeeding years; 
but it is in Professor Liebig's writings that the view reached 
ils highest stage of development and can be best studied. It 
merits the closest scrutiny, for it has been the principal oppo- 
nent with which the germ theory has had to contend. If we 
follow the contests between the chemists ou the one side and 
the vitalists on the other, up to the present time, and analyze 
the arguments adduced by the chemists, we will find that the 
very (qw new facts which they have brought forward have all 
been based on the plau of Liubig'a arguments. There has 
been nothing essentially new, nor has his argument been 
strengthened. In the years 1840-42, in r&sponse to an invi- 
taiion of the British Association for the Advancement of Sci- 
ence, Professor Liebig wrote a aeries of papers upon animal. 
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vegetable and agricultural chemistry and tbe cbetuical traos- 
formatioiis, including tbe action of tbe different feroients, 
yeast, putrefaction, contagion, miasm, etc., in wbicb he antago- 
nized the vita! theory of eacli of those with all the vigor of his 
wonderful intellect, and for tbe time crushed the rising confi- 
dence in the new theory. 

The arguments brought forward by Liebig may besummed 
lip as follows : " Fermentation is a result of tlie catalytic action 
of a decomposing body in contact with compounds of feeble 
molecular affinity, which is brought about in accordance with 
the following law of dynamics: A molecule set in motion by 
any power can impart its own motion to another molecule 
with which it may be in contact." Yeast, he argued, is a pro- 
duct of the decomposition of gluten, and is necessarily a de- 
composing body, and when added to must or wort, sets up in 
these bodies a motion of their molecules similar to its own, by 
which their saccharine elements are converted into the simpler 
and more stable compounds, carbonic acid and alcohol. 

But the action upon the gluten is to convert it into a body 
identical with the original yeaat. And thus the yeast seemed 
to grow ; but it is nut a groivth in the biological sense. This, 
he contended, is demonstrated by adding yeast to a pure solu- 
tion of sugar, in which case, although the fermentation pro- 
ceeds promptly, the quantity of the yeast not only did not 
increase, but actually diminished, being expended in the act 
of decomposition. 

Putrefaction, he says, ia just ihe same process, but with a 
different molecular motion. These molecular motions might 
reproduce themselves or not, as the substance on which they 
acted contained the substance from which they were pro- 
duced or not. Miasms and contagions were considered as 
being of the same character. 

His idea of a chemical force more powerful tliau the vitui 
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force ajtpears, also, in his explanation of tlie manner in wliii^li 
puisoDB and medicines act. The manner in which inorganii; 
poisons (medicines) gain admission to the tissnes is owing, in 
mo^t cases, to the formation of a chemical com))ound by the 
union of the poison with the constituents of the organ n[>on 
which it aeto; it is owing to a chemical affinity more powerful 
than the vitality of the organ. Each of these substances, in 
its transit, produces a peculiar disturbance iu the organism ; in 
other words, they exercise a medicinal action upon it, but 
tboy, themselves, suffer no decomposition. It is only when 
the solutions are diluted to a certain degree with water that 
tbey are absorbed by animal tissues. In resi)ect to this 
physical property of-the animal tissues, alcohol resembles the 
inorganic salts. 

Miasms and contagions were thus explained: "A miasm is 
a form of molecular force developed during the dQConijx>sition 
of vegetable bwUes under certain peculiar circumstances, 
which has the power of setting up similar decompositions iu 
the human blood ; but not finding iu the blmxl or tissues the 
proper substance for its own reproduction, like yeast in sugar, 
it is not reproduced. Therefore, such diseases are not con- 
tagious." 

"Contagious poisons find in the human blood and tissues 
substances from which tbey reproduce themselves, as yeast in 
must or wort is reproduced from the gluten ; consequently, 
tliesc diseases are convcyable from the sick to the well; in 
Stime instances by contact only, as in syphilis, in which case 
the physical form of the substance is that of a solid. In 
Other instances through the air, in which case the physical 
form is that of a gas." He B:tys, " several kinds of cont^ions 
are propagated through the air ; so that, according to the view 
already mentione*! (of a contaginm vivum^, we must ascribe 
life to a gas, that i.'^, to an aeriform body," 
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lie tlniB recognized a gaseous form of ferments. 

We liave already spoken of the fact that when fermentation 
spontaneuugly ceased, it could not again he set up; and its 
iipplit'ation to tliose contagious diseases which can, ordinarily, 
be had but once by the same individual. This theory was 
elaborated anew by Liebig, with telling effect against the vital 
theory. It was considered that in must or wort tliere is a 
certain sul)stance that is decomposed by the peculiar molecular 
motion of vinous fermentation, namely, sugar; while the other 
portions of the compound are not necessarily affected. The 
blood is a very complex substance, containing many compounds 
held together by feeble molecular affinities, any one of which 
may be decomposed. In case of the contagious diseases, the 
(lecooiposing body which causes the particular disease acts 
upon some single compound of the blood, decomposing it. 
If this particular component of the biood be very important 
to the vital processes, the disease will be very grave. If, on 
the other hand, this particular compound be not very im- 
portant, the disease will be correspondingly light. Now in 
the progress of the disease this particular compound is all 
ilecomposed, as the sugar in grajje juice, and if the patient 
has been able to withstand the shock, he returns to health 
with this one compound of the blood lacking, and it often 
happens that it is replaced very slowly, if at all ; therefore, 
the patient is protected for a time or jrermaneutly. 

Liebig explained the susceptibility of children to certain 
diseases while adults were insusceptible, by assuming that the 
constituent of the blood upon which the molecular motion 
poison acted in the child was absent in the adult. He also 
explained the differences in susceptibility of different indi- 
viduals in the same way. 

Finally, Liebig says, "all the supposed proofs of the vitality 
of contagious are merely ideas and figurative representations. 
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fitted to render the phenomena more easy of apprehension liy 
our Benses, without explaining them. These figurative ex- 
preeeioDS, with which we are so willingly and easily satisfied 
in all sciences, are the foes of alt inquiries into the mysteries 
of nature; they are like the Fata Morgana, which show us 
deceitful views of seas, fertile fields and luscious fruits, but 
leave us languishing when we have most UL-ed of what they 
promise. It is certuin that llie action of cnntagionH is the 
result of a peculiar infiuencc dependent upon chemical forces, 
and in no way counectetl with the vital principle." 

Liebig claimed that this poisonous eubstauee could not be 
isolated, because it consisted of a peculiar form of molecular 
motion. But in many cases the substances containing this 
molecular motion poison could be had, which substance in 
itself was not poisonous, as was shown by exposing it to heat, 
thus rendering it iuuocuous by destroying this peculiar mo- 
lecular power. 

He also points out the fact that very many of these poisons 
are destroyRl in the human stomach in the act of digestion, 
and thiit others are nut. He e.xplalns these phenomena in 
this way.' All of these ferment poisons owe their power to 
the peculiar molecular raovcmeut started and maintained by 
the act of decomposition. Now, when they come in contact 
with stable compounds they are unable to communicate their 
own movements to these associated molecules, and are con- 
sequently inert, or unable to propagate decomposition. But, 
if the intermixed substance is composed of molecules held 
together feebly, the molecular movement is communicated to 
them, and they pass into a state of decomposition. 

Now the juices of the stomach are acid, and among the 
ooxioiis substances many are alkaline, but some are acid. 
It therefore happens that when an alkaline oi^anic poison or 
ferment is introduced into the stomach, its molecular force is 
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autagonizcd by the acid juicea it meets there and its moleeulai 
move men t destroyed. 

If, however, the noxious elemeut be aeid in ita reactioa, 
the juicee of the stomach do not interfere with ita molecular 
movement, but rather favor it. And instead of being de- 
stroyed, it is rendered even more virnlent. This action of 
the stomach, lie argues, is a very positive proof of the chemical 
nature of these poisons. 

It is a noteworthy fact that in this essay Prof. Liebig 
praeticjilly ignores the microscopic demonstrationa of the yeast 
plant. He evidently regarded it as, t^ a large extent, a fictioD 
of tiie brain of over-zealous investigatora, using wliat was 
iu that day considered very hlgli powers of the microscope. 
Not believing iu the existence of the yeast plant, or the 
organisms of disease, he says, "The vital principle is only 
known to us through the peculiar forms of its instruments; 
tliat is, through the organs In which it resides. Hence, what- 
ever liind of energy a substance may possess, it is amorphous 
and destitute of oi^aus from which the impulse, motion or 
change proceeds ; it does not live," 

The basis which he gives for the proof of the existence of 
life stands to-day iu its full power. And if he is at last 
beaten Iu the argument, it is because facts have beeu brought 
forward aad proven by incontrovertible observation that will 
satisfy this basis. This basis is contained, practically, In one . 
sentence, which I quote: "Our notion of life involves some- 
thing more than mere reproduction, namely, the idea of an 
active power exercised by virtue of a definite form, and pro- 
duction and generation in a definite form." 
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DIFFICULTIES. 

From that time to the proaent tlie controversy haa been 
unceasing. Thnae who believed that the vital theory was 
true stiil maintaiued it, for tbey had seen deiioite forma re- 
produL-ed in definite forms, by virtue of definite forms. They 
returned to their microscopes and followed again the growth 
of the yeast plant. They saw again the buda given off from 
the cells, and reproduce other cells, like in every respect to 
the mother cell; and these in tnrn reproduce otlier cells of 
the same liltenesa; satisfying the basis as given by Prof. 
Liebig. 

But the miernscnpes of that day were poor, trained ob- 
servers were scarce, the subject waa new, the modea of de- 
monstration were comparatively chimay, and in many respects 
faulty. Under these difficulties progress was exceedingly 
slow, at best; and for a time no substantial advance was 
made. But gradually, as the number of the obaervers of it 
increased, the yeast plant, as the active principle of yeast, and 
upon which ita action was dependent, was accepte<l by a large 
proportion of the learned men of the world. It is, however, 
a noteworthy fact that many of those who accepted this re- 
fused to accept the vital principle for the other fermentations ; 
which would seem naturally to follow. This refusal seems to 
have found a basis in certain arguments brought forward by 
Prof, liiebtg, especially such as the following : If oxamide be 
brought in contact with oxalic acid dissolved in water, the 
following changes take place: the oxamide is decompased by 
the oxalic acid, provided the necessary conditions for their 
exercising an action on each other be present. Although the 
oxamide is not at all soluble, the elements of water unite 
with it, and ammonia is one product formed and oxalic actd 
the other, Iwth in the proportions to form a neutral salt. 
Here the ctmlact of the oxamide and the oxalic acid inditccw 
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a tranaformation of the oxamide, which is decomposed into 
oxalic acid and aimuniiia. As niucH oxalic acid exists after 
the decomposition aa was added, ami still possesaes its original I 
power; and more oxamide will be decomposed in the same 
way, if added. This may be kept up continuously, and any 
amount of the oxamide decomposed, by a very minute por- 
tion of the oxalic acid. 

Quite a number of similar chemical decompusitions are 
known, and while they cannot be considered as bodies in a 
Btat« of decomposition, as Liebig claimed the excitora of ' 
fermentation were, the processes had long been considered as 
very closely related. Now as these processes were admitted 
by all to be purely chemical, no process should be considered 
vital until it was definitely proven. ' 

This required that each one of these be investigated on its 
own merits and proven independent of all others. 

In this work the theory has, perha[)S, suffered as much from 
its over-zealoiis followers, who Iiastily publiahed untenable 
views, arrived at by hasty and ill-digested experimenls, us 
from its opponents. 

SCHROEDER. 

Schroeder was, perhaps, the first to make a new and sub- I 
stantial point that has stood the teat of adverse criticism. As 
we have stated, Sohwan had demonstratetl that decomposition | 
would not occur in sterilized fluids upon the inlroduction of 
air that had been heated or passed through sulphuric acid. 
This, as a demonstration of the existence of life, was appa- 
rently demolished by Liebig, who claimed that the heat, or tlie , 
acid cither, was sufficient to destroy the molecular motion upon 
which, as he claimed, the power of ferments depended. Now 
Schroeder, iu 1854, admitted air filtered through cotton 
batting, with the idea that this would catch any solid par- 
tided iu the shape of spores or germs. His ex[>eriment was a 
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perfect success. Sterilized fluids kept just as i)erfectly when 
sealed with a wad of cotton, as when sealed hermetically. 
This, as it became established, effectually disposed of the 
theory of gaseous ferments. But the claim was now made 
that the dried remains of decomposing bodies might fly about 
in the air aud renew their molecular motions on being again 
moistened, and that these would be kept out of sterilized 
fluids by the cotton batting, the same as was claimed for 
living germs. 

The following are the conclusions of Schroeiler ; — 

1st. " All vegetable or animal forms derive their origin 
from other living vegetable or animal beings. Omue vivum 
ex vivo. 

2d. " When a series of specific products of fermentation 
and putrefaction are developed at a certain spot, germs which 
originate the process have been conveyed to that spot through 
the medium of the air. Such is certainly always the case with 
regard to germs of mould, aud to the ferments of wiae, milk 
and urine. 

3d. "Vegetable and animal matter in which all germs 
have been destroyed by boiling, and which, while yet in a 
hot state, has been shut off from the direct influence of the 
externa! air by means of cotton-wool, remains perfectly free 
from mould, fermentation or putrefaction. The germs, which 
otherwise would be supplied by the air, are arrested in the 
passage of the latter through the cotton-wool. 

4th. " The germs of most vi^etable and animal substances 
are destroyed by exposure for a short time to a temperature of 
100" C. (212° F.) 

5th. "But milk, yelk and meat coutiiiu germs which are 
not thus killed. Boiling at a high temperature, under higher 
pressure, or long-continued boiling at 100° C, will, however, 
always suffice to destroy these germs. 
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6tli. " Tlie germs in milk, yeik of ^gs and meat, after J 
Iiaving been boiled a short time, are still capable of bting de- 1 
veloped into the specific ferment of putrefaetion, and some- I 
timers, also, those of yelk ; at least, into long and indolent 1 
vibriones. I 

7th. " The specific ferment of putrefaction is of an animal I 
nature. It develops itself and multipliea at the expense of J 
albuminous compounds, but does not multiply under those I 
conditions alone which supply all the requisites for ve^lable I 
growth." (Sydenham Society's Year Book for 1862. An- 1 
ualeu der cJifimie u pharniacie, vol. 117.) I 

PASTEUR. I 

The next important advance may be best illustrated by the j 
labors of M. Pasteur, in his sealed-flask ciiltivatiousi, although l 
he was not the first to employ this particular mode of study. I 
Shntzenberger mentions that this kind of cultivation was first I 
performed by Needham, in London, who published a work on I 
this subject in 1745, in which it seems that he maintained the I 
hypothesis of the de novo origin of infusoria. Spallanzani, a J 
celebrated Italian physiologist, took the matter up, which re- 
sulted in a lengthy controversy, in which Spallanzani refuted, 
by experiment, the conclusions of Needham. The contro- 
versy turned on this point, Spallanzani was not satisfied with 
heating the h&rmdwally sealed flasks containing the infusion 
for several minut«s, merely the time required to cook a hen's 
egg and destroy the germ, as Needham expressed it, but he 
kept them boiling for an hour; after which no infusoria were j 
found. (Shutzeiiberger on Fermentation, page 311.) 

The plan of Pasteur was practically this: He reasoned ' 
that if he could grow the yeast plant in sealed flasks until all 
gluten with which it was first connected ciiuld be certainly got 
rid of, he could then study the plant in alt its purity, a 



effectuiilly Jieprove the molecular motion tlienry. He, tliere- 
fiire added a small quautity of yeast, as pure 03 possible, to 
some cultivation fluid which had beeu eifectiially sterilized by 
heat and contained uo ghiten, and carefully scaled it. After 
this had pattsed through the stuge of fcrmeDtatiou, another 
flask was prepared in the same way; and under the utmost 
precautions that nothing else should be introduced from with- 
out, a drop was taken from the first with a pipette, and added 
to the second, and so on, to the fiftieth genenitiou, and in many 
of his exijeriments more than this number. Tliese tlaaks 
were, of coarse, kept attheproper temperature for the develop- 
ment of fermentation. The result of this series of experiments 
seemed to satisfy Liebig's liasis for the recognition of living 
beings; the yeast plant reproducing itself after its own form, 
for generation after generation, continually, and after the 
fiftieth or the one hundredth generation, again producing its 
characteristic efifecta upon must or wort, namely, vinous fer- 
mentatiou. They did more than this. It is well known that, 
under certain conditions of temperature, vinous fermentation 
passes into acetic fermentation, with tlie production of vinegar. 
Now, in his investigations, Pasteur found that he wae able to 
separate these forms of fermentfition by special management 
of the cultures. By taking at the beginning a fermentation 
contaminated by the acetic process aud keeping the temperature 
high, the acetic acid plant, the mieroderma, flourished, while 
the vinous plant, the torula, gradually died out. He thus 
rendered the conditions unfavorable to the one and favorable 
to the other; and by this operation and the reverse one he 
succeeded, after passing the culture through many generations, 
in obtaining the vinous yeast plant entirely pure, and the 
acetic yeast plant entirely pure, each of wliieh would al- 
ways produce its characteristic fermentation and nothing else. 
And what is more, he found the plants to be characterized by 
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diflerent forms, which remained constant. I use this simply I 
as an illustration of the plan of what was known as fractioi 
cultivations. Tlie same was done with the lactic acid fer- 
mentation, and its characteristic plant isolated and established. 
In time and by this process several others have been success- J 
fully isolated and established, until all of tiie processes here- 1 
tofore known as fermentations have been certainly connected I 
with livingorganisms,withoutwhich none of them can sncceed. J 

Pasteur, after working out vinous and acetic fermentations, I 
and that peculiar fermentation which destroys, in its turn, I 
the vinegar, has followed up the process of the completa I 
return of the fruit to the primitive inorganic state, I 

After the fermentation of the vinegar, Paflteur next ex- 1 
amined the putrid fermentations, or decompositions, as they l 
are usually called. The principal agents in these he found I 
to be certain very active bodies which he called vibrios, and ] 
which multiply with remarkable rapidity in the depths of the | 
mass, as much as possible apart from oxygen. This eharao- I 
teristic position serves to distinguish them from the ordinary J 
bacteria, which require oxygen for their growth and are found I 
near the surface. I 

These vibriiH of Pasteur are the proper authorities which 1 
administer upon the ruined estates of dead bodies, animal and I 
v^etable. I 

Countless swarms of bacteria may assist them, by their I 
presence near the surface, by fixing any oxygen which would I 
otherwise be absorbed by the fluid and hinder the work of 1 
the vibrios, which work witliout free oxygen. Pasteur has 1 
grown these vibrios in flasks, from which every particle of 
free oxygen has been removed, and found them to be the 
true agents of decnmirosition. 

His fluid for this purpose was prepared by placing in s 
three-liter flask of water the following sails: — J 
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Pure kctate oflime Grams 75.0 

Phosphute of ummmiiB " 0.5 

Pboaphute of potash " 0.4 

Cliloride of mBgnesinm " 0.8 

Sulphate of ammonia " 0.2 

Sulphate of soda a trace. 

Pasteur has also cultivatw], inJividually, many other organ- 
isms, and noted their peculiarities. The extreme high tem- 
perature borne by the spores of the oniinary moulds is very 
wonderful. For instance, the Penicillium Glaucum grew 
after being exposed for a considerable time to a dry heat 
of 248° F. and 257° F. It was the same with the spores of 
other mucidiues. At 266° F. the power of grovrth was lost 
iu them all. 

Spores of the bacterium lactia were destroyed at 260° F. 
Pasteur also made many experiments to determine the 
l)re.valence of germs in the air. He placed fermentable 
fluids in flasks, boiled, and sealed them while hot; after 
they were cold he broke the end of the tuhe, letting the air 
enter unmodified, then sealed them again at once. It oflen 
liappencd that no organisms developed in these flasks, but 
they generally did in Paris. In the open country only eight 
out of twenty developed germs. On the Jura only five out 
of twenty. On Mountanvert, in a wind blowing from a 
glacier, only one out of twenty contained germs. 

There was one point of I'ailure in Pasteur's work which it 
seemed impossible to settle by his plan. In all his experi- 
ments the organisms are transferred to his flasks together with 
a minute portion of the fermenting fluid containing them. 
Now the claim is made that it is this minute portion of decora- 
posing fluid that sets up and maintains the act of fermenta- 
tion, instead of the organisms, as claimed by Pasteur. This 
claim has much influence with all those who are inclined to 
the views of Baron Liebig, and its force must be admitted. 
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Pasteur's work made a very marked impression upon the 
opinions held by the scientific world. Although the general 
facts as developed had, in a measure, been accepted before, 
there had not been so clear a demonstration of them. The 
result was a vast increase of confidence in the germ theory of 
disease, as held by Schwan and others nearly a quarter of a 
century before. And when Liebig wrote his last paper on 
this subject in 1870, reaffirming his old doctrine, with some 
modifications, it produced but little impression upon the grow- 
ing faith in the new doctrine, which now numbered among its 
adherents a large number of the most thoughtful and best 
informed scientists. (See Half-yearly Compendium, July, 
1870, page 38, for Brief of Liebig's article.) 

The following statement contains Pasteur's conclusions: 
*' The chemical act of fermentation is essentially a correlative 
phenomenon of the vital act, beginning and ending with it. 
. . . There is never any fermentation without there being 
at the same time multiplication of globules, or the continued 
consecutive life of globules already formed." 
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BASTIAN. 

The presentation of this subject would be incomplete with- 
out some reference to the view of the de novo origin of life, 
" Archebiosis." This view has been held by learned men in 
all historical ages of the world, though it has never, at any 
time, been generally adopted. Such a view was, perhaps, 
more prevalent in the fourteenth and fifteenth centuries than 
at any other time in the world's history. Bastian, the great- 
est exponent of that view, however, lives in the present, and 
I have thought best to defer mention of it to this time, 
especially as it affects our subject, " The Germ Theory of 
Disease," only incidentally. 

This great experimentalist, in his theories, does not depart 
markedly from the theory held by the chemists and vitalists, 
but in a large degree adopts the views of both and forms a 
connecting link between the two. It is, also, here again note- 
worthy that the facts developed by either and both these are 
made to serve Dr. Bistian's purpose almost as well as those 
developed by himself. Taking the molecular movement 
theory, as developed by the great exponent of that view of 
fermentation, Liebig, he claims that this same molecular 
movement, under certain circumstances, actually passes over 
into vital manifestations, furnishing the living forms found 
in the culture fluids contained in the experimental flasks of 
Pasteur. 

He claims to have produced these living forms experiment- 
ally, especially from infusions of hay and turnips, which he 
first boiled in his flasks, and while boiling, hermetically sealed, 
3 ■ 35 
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and afterward exposed to favoring conditions of temperature j 
and light. With these and other infusions treated in this 
manner, he found within a few days multitudes of living I 
forms. 

In order that these shall develop, he says that the flasks 
should not be more than half or one-third full, and that 
above the fluid there should be a partial vacuum. When it 
was urged against his conclusions, that the temperature was i 
not sufficiently high, nor sufficiently prolonged, he increased I 
both, running the temperature to 300° F., but still obtained-J 
the same result. 

Dr. Baslian enters into a very exhaustive ai^ument, using*! 
the facts developed by both the chemists and vitalists, foel 
tlie maintenance of his theory. 

He claims, stoutly, that the molecular motion theory o^ 
Liebig is the true one, as far aa it goes, but does not go far J 
enough, and quotes largely from him, while he also claims J 
that the fermentation theory of the vitalists is true, from the J 
point where they begin, but they do not begin early enough, I 
and quotes largely from them. In a word, Dr. Bastian claimsl 
that these two theories are the opposite ends of a completed 
cycle of manifestations, with the middle and most importantfl 
manifestations left out by both parties; i. e,, that the odqj 
passes over into the other. 

He takes the case of the production of vinegar. In the 
ordinary and natural production of vinegar, the fermentation is 
always accompanied by the presence of, or as Dr. Bastian claims, 
the production of, the plant known as the Mycodernia Aceti. ■ 

The chemists claim that this plant is an accident of thaj 
fermentation, and not necessary to the operation, and su« 
by other means in producing vinegar, without the presence o 
the plant. 

The vitalists admit the production of vinegar by purelyl 
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clieraical means, claiming that this production is not properly 
by fermentation, and cite the fact that the oil of aimonils and 
a host of other substances naturally vegetable products may 
be produced by the chemists through purely chemical pro- 
cesses. Dr. Bastian now claims that both processes of the 
production of vinegar are fermentative, and that the second 
form (vital) is a more fully developed form of the first 
(chemical), and that the one, under favoring conditions, will 
pass over into the other without any introduction of germs. 

Otlier scientists and experimentalists have very generally 
denied the correctness of Dr, Bastian's results, and set up 
the claim that he has not used sufficient care in the exclusion 
of germs, or that the heat to which his infusions were ex- 
[XMed was not sufficiently high, or not repeated sufficiently 
often, to destroy germs or spores not yet hatched. Moreover, 
other experimenters have failed to confirm his result*. Whfct^ 
over be the final judgment as to the correctness of Dr. Bastian's 
views, it is certain that this course of experiments and the 
discussion which they involted greatly extended our know- 
ledge of the preserving of fruit in cans, so that we are now 
able to preserve articles which previously had resisted our 
efforts. One of these is green corn, which seems to require that 
it be sealed up at the boiling temperature, and then boiled for 
a number of hours each day or two, until five or six boilings 
have been had. 

This is accounted for in this way. The spores of certain 
organisms find green corn a very suitable soil for their de- 
velopment, and while the boiling temperature will destroy 
the developed organisms it will not affect the spores. There- 
fore these must be hatched and then destroyed. Hence the 
intervals of boiling must be continued from time to time, 
until all spores are hatched and destroyed. After which the 
corn will keep for any length of time. 
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LOGICAL SEQUENCE. 

We may now turn onr attention especially to the germ j 
theory of disease; and in doing so, it will be necessary to go 
back to the discoveries of Schwan and Latour. It was shown ! 
that aft£r the discovery that vinous fermentation was depend- 
ent upon the yeast plant, it wan at once assumed that all other J 
fermcnlfltions, decompositions, miasms and eorUagiona were ] 
also depcudent upon the life force. 

This assumption was a logical sequence to the then existing j 
ideas, for it had long been lield by the wisdom of the world 1 
that all these processes, including conti4rionB and miasms, 
of the same order, of the same genus, and were brought abouti 
by forces of the same nature. But when this assumption w 
put forth under the new phase of the matter resulting from ] 
the discoveries of Schwan and Latour, it was vehemently 
denied by a host of scientific men, even among many who I 
acceptffll the yeast plant as the true explanation of vinous fer- j 
mentation. 

DIFFICULTIES. 

This, as we have seen, rendered it necessary that the facta 1 
of each process heretofore regarded as fermentation should be j 
proven upon its own merits. 

The work was at once begun, and the more ordinary fer- 
mentative processes wore developed with considerable rapidity, J 
and have finally been completely worked out and definitely j 
settled, as has been shown. 

The proof, however, that the ordinary decompositions, con- 
tagions and miasms belonged to t\)S same class and were 1 
brought about in the same rauuner, was maintained with but f 
slight success. 

The organisms found in these were of a different order and \ 
the most of tliem more minute, and for a long time it was im- 
possible to cla.ssify them. Manufacturers of microscopes were 
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urged to make improve men Is in object glasses, iti order tliat 
these minute, ever busy objects might be better seen. And 
the observer was compelled to await the tedious operations of 
tlie maker of microscopes before he could priKieed satisfactorily 
with his work, and tiien usually found that the gain was but 
slight. 

The subject became more and more complex the more it 
was studied. It was found that in each decomposition there 
were varieties of organisms. When one person found an 
organism which he regarded as distinctive of a certain process 
or disease, and published his results to the world, it was 
usually quickly shown that this same organism was to be 
found in widely different situations, entirely disconnecting it, 
as a cause, with the processor disease claimed. 

This kind of disappointment recurred time after time, until 
many of the best men turned away from the subject with dis- 
gust, believing the theory incapable of demonstration. 

It was proven beyond question that many, at least, of the 
bacteria were incapable of producing disease, and the view 
that these forms were the accidents of the process, merely 
accompaniments, were mere scavengers and had no causative 
relation to it, gained wide credence. 

There was much reason for this view. It was in harmony 
with what is seen to he going on around us every day. 
Animals are found everywhere that do the work of the 
scavenger. As the buzzards flock to the dead carcass, so the 
bacteria swarm on the decompositions. 

However, a hawk is sometimes found among the buzzards, 
for the want of the opportunity of attacking living prey, and 
if the two were diminished in size to the mere specks which 
represent the bacteria, the work of distinguishing between 
them would be difficult indeed. In surgery especially, cases 
e continually occurring which seemed to indicate that the 
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ap|)a rent scavengers became the deatrojers of living structures, 
and there was still a lai^ number of workers wlio believed 
that the distinctive features of these organisms could and 
would be developed in the course of time, and thuy coutiuued 
the work steadily and firmly, , 



MODKS OF PIIOPAGATION. 

Knowledge of these organisms was gradually extended. 
They were gradually divided into groups, according to tlieir 
forms and modes of propagation. They have been found to 
multiply in three different ways. 

1st. By simple budding, as in the yeast plant. 

2d. By fissioQ, in which one individual simply divides 
into two. 

3d. By true spores or eggs, developed in their interior, as 
eggs are developed lu the interior of the segments of the 
tapeworm. 

The forms arc quite numerous. The round and oval forma 
are called mierococoi, and the short, stem-like forms bacilli; 
the spiral forms spirilH ; while a large uumlier remain with 
tlie common name bacteria connected with a descriptive 
adjective, as bacteria termo. 

Mure recently tlie name of the disease found to be, or sup- 
posed to be, produced by the particular form has been 
attached, as bacillus anthrax, bacillus tuberculosis, eta. 

Many other names have been used, but those given seem 
now to be taking their places.* 

* Any onB who nislies to etudy theae forniB parlicalarl; should have I 
Cohn'ii ClBS«ificntion, which ib the moiit complete yet made out, ftnd will 
iloiibtleBS serre im the basis of all future efforts in this direction. Mngnin, 
in his littU book, " Bacteria," gives thia clauiScation in very convenient 
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^P UTILIZING DISCOVERIES. 

Sehroeder'a discovery, in 1854, that the fermeuts floating in 
the air oould be filtered out by cotton batting, together with 
the confirmation ol' Schwan's conclusions by Pasteiirj who 
had continned his fractional cultivations, applying them to 
the decompositions, led to an effort to make use of these dis- 
coveries in the treatment of wounds, although at that time no 
individual bacterium had been proven to be the cause of 

However, microscopic investigation had shown that they 
were abnndunt in wound secretions, and especially abundant 
in those that took on a bad condition. 

These facts, together with the favorable course usual with 
comminuted fractures in which the skin was not broken, as 
compared with similar fractures with the skiu broken, caused 
many to regard the difference aa in some way connected with 
the bacteria. 

Heretofore, this difference in the htaling of such wounds 
had been charged to the admission of the oxygen of the air ; 
which liad formerly been supposed to be the active agent in 
fermentation and decomposition. It had now been shown, 
experimentally, by Schwan and Latour, and recently con- 
finned in the most decisive manner by Pasteur, that the 
fermentations and decom positions were caused by organic 
germs. 

Schroeder had demonstrated that those germs could be 
filtered out, and the air thus treatetl would not cause de- 
composition. The old hypotheaia was completely diwproved ; 
and it was most natural to the thought of the time to a.'icribc 
the difference to the introduction, through the medium of the 
air, of the germs of bacteria. 

Following up this traiu of thought. Me, Lister, then of 
Glasgow, Scotland, was the iirst to make a determined efi'ort 
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to rwhife it lo jiraptice in surgery. AuliBcptice had aire 
been long kiiowu, and Mr. Lister begun his ojwratiouH hji 
thoroiiglilydiHinfeotiiig liIs own liniHU, all instrutnmits, Hpongei,.! 
and everything tliut would TOine in conluct witli the woundffl 
in<Ouding the patient's skin in the noighborhootl of the par^ 
to be operated iijion, He then caused the air iu whinh th» 
operation was douii to bo dlsiiifected by a continuous epray 
of dilute carbolifi aeid, until the wound waa closed. Finftlly- 
the wound was so sealed up as to i)revent the ingress of germsJ^ 
from without, lie found in actual practice that operatiool 
WDundu thus treated generally healed without ivJiammaHon^M 
iiiid without one drop of pus; simulating in every respeotV 
the healing of subcutaneous wounds. The publishing of theseJ 
results by Mr. Lister, in 18G5, startled the surgeons of thftfl 
world, and many grave heads shook doubtingly, as the wordal 
were pontlered. 

The new plan, however, was tried, far and wide. It was a I 
matter that every skillful sui'gcon could do for himself, test I 
for himself, and judge of for himself. Although failures I 
were made, the aggregate of results were so vastly superior 1 
to anything heretofore attained, that it completely revolu- J 
tiuiiized liortpilal practice throughout Kuropc. 

KXPLANATORY. 

This statement requires a word of explanation. The cflTeot 1 
was not so much felt in private practice, or in small private I 
institutions. The reason for this difference may be explained J 
in this way. It had long been demonstrated that large publio I 
hniipitals bernme unfavorable to operation or accident wounds, I 
In large institutions, all oiieii wounds were prone to take aI 
bad course us compared with similar wounds in private prao- I 
ti(». The supposition that euch hospitals became infeoted I 
with this class of discaso-prwlucing g'crms hud alreaily lieca \ 



widtly eutertuiiied ; and now the antiseptic method of List^^r 
was found to remove the difficulty, and render tlie treatjneiiL 
of wounds in sucli hospitals as etTective and safe as the same 
elyss of wounds in private practice, and in must cases even 
more 80. This grand achievement of the germ tlieory lent 
an immense impulse to the study of the subject. Every great 
surgeon became a student of fermentative change, and of the 
inHuence of living organisms, no matter what his bias on the 
subject. As might reasonably be expected a correajwuding 
advance has been attained. 

Up to that time no one particular organism had been 
singled out and proven to stand in a causative relation to 
any one disease. 

But DOW the study of the individual character of the 
organisms found in wound se<;retions, and in the tissues 
immediately after death fi-om (tarlicular diseascH, sprang to 
the front, and haa been carried forward by the most acute 
miuds of our times. 
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NATURE OF THE EVIDENCE. 

e may now turn our attention U) the examination of the 
fdeiice ui>on which these viewa were based. The theory, so 
far as it relates to the production of disease, has been founded 
on fragmentary evidence, not upon demonstration. And it 
must be said, also, that much of this fragmentary evidence 
lias been of the nature of what lawyers would call circum- 
stantial evidence. Tlie nature of the evidence, as a matter uf 
fact, may be thus stated : It had lon^ been believed that fer- 
mentation, decomposition, miasm and coiit^ion were caused 
by processes similar or identical in their nature. It has been 
proven that fermeutatioD and decomposition are de))endeut 
u|ioD the life and growth of certain microscopic organisms. 
Therefore, miasmatic and coutugioua diseases are caused by 
3* 
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microscopic organisms. This kind of evidence lias served as 
iIju basis of practice, and been the mcaus of producing im- 
provements in the managcracnt of wounds particularly, 
greater than the moat sanguine theorist could have expected 
irty years ago. 



dirfx;t examination. 

It may surpriae some when I say that the firet definite 
demonstration of micro-organisms in the tissues of those dying 
of traumatic disease was made by Rindfleisch, in 1866. Reck- 
linghausen and Waldeyer demonstrated the same thing about 
tlie same time. Directly afterward, Birsch Hirsehfield found, 
by extended examinalious, that the uuhealthfulne.^ of a wound 
stood in direct relation to the numbers of spherical bacteria 
found in the pua of that wound. He also found that the 
blood of pyemic ])atienta contained bacferiii during life. 



HIRSCHFIELD. 

Dr. Birsch Hirsehfield, on examining daily the pus coming 
from a wound, found that, with tiie ushering in of the first 
symptoms of pyemia, the pus showed a corresponding change, 
consisting in the presence of micrococci, either in pairs, strings 
or zooglf a (masses of micro-organisms, of whatever kind, often 
imbedded in a gelatinous mass, the latter especially when 
pyiemia was far advanced or rapid in its course), and in an 
altered appearance of the pus corpuscles, which were finelj 
granular, of less definite outline and lustre, and showed 
their nuclei very distinctly, without the addition of reagents. 

The blood of such patients contained similar micrococci, 

and its white corpuscles had undergone a change very similar 

to that of the pus corpuscles. He sometimes found that pua 

from a pyiemic patient would contain besides these a quantity 

. of the bacterium termo or bacterium liucola, which are the 
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f:onmif>a bacteria of putrescent matters, while micrococci, 
ac'Ctircling to Colin, Klebs and Hirschfield, are not to be con- 
sidered aa the fernient of putrefaotion, (Americau Journal, 
page542, Oot. 1873.) 

Tliis is the first recogaition of a particular form of micro- 
organism ia connection with a. given couditiun that has stood 
o^inst adverse criticism. 

EVIDENCE UNSATISFACTORY. 
Within a few years a great mass of such evidence as this 
was accumulated. It will be seen at once that this kiud of 
evidence is fractional and not conclusive. It shows the 
presence of micro-organisms, but it is in no way eoncloaive as 
to the practical effects of these organisms in causing any given 
disease. It was not shown that the disease could not progress 
without the organisms. 

NATURE OF MIASM AND CONTAGION. 

During this time a theory was developed for the explana- 
tion of the spread of certain epidemic diseases, which deserves 
mention, not only for its intrinsic merit, but for the reason 
tiiat it has, by directing thought into new channels, greatly 
enlarged our knowledge of the cause of epidemics and 
increased our means of defence against them. We have here- 
tofore spoken only of miasms and contagions. 

A miasm, according to the germ theory of disease, ia au 
organism developed, under certain circumstances, in the eoil, 
decaying vegetation, marshes, etc., of certain localities, which 
c!in enter the human body and cause disease, but cannot grow 
a second time in the body of another person — at least does not 
pass from the sick to the well — and is, therefore, not a con- 
tagion. 
, A contagion is au organism whose habitat, by nature or 
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idaptatiun, is the human body, and tlie spores of wliicli can 
pass from one peraou to auuther, either by contact or tlirougU 
the air, and cause disease in others. 

MIASMATIC CONTAGION. 

A tbird class partakes of the nature of both, but differs 
from both. It is supposed to be an orguniHrn which has one 
period of development in the human body and another period 
without the human body, and that these two stages are 
required for its full development. Therefore, such diseases 
are not contagious; they cannot pass from one to anotlicr 
until they have found a suitable soil for the second stage of 
development and completed their spores. When this baa 
been accomplished, they are again ready for the production of 
the disease ill man, aud not before. 

In this way whole regions of country become Infected, and 
persona are struck dowu with the dise.^se without having : 
one sick of it, or havingbeen very near them. Cholera, Yellow 
Fever, Typhoid Fever, and various other diseases belong to 
tills class. They are called miasmatic contagious diseases. 

This theory is not based upon any demoustration yet made^ 
either in the human sulijcct ur upon animals, but rests upon 
tlie known life history of certain parasites of the Vi^table 
kingdom aud circumstantial evidence. 

Among the most familiar and best proven of the vegetable 
]uirasites which run through this kind of cycle, is the 
common uredo or rust on wheat. This parasite requires two 
Beparate growtiis to complete its spores. ludeed, it seems to 
have a double set of spores. The spore formed on wheat 
will not again grow upon wheat, but will grow on the leaves 
of certain bushes, especially the barberry bush. And tlie< 
s^Hires formed on these hushes will, in turn, grow on wheat, 
thus completing its cycle of existence. 
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t may be that the organisms of tbe miasmatic contagions 
require free oxygen at a certain stage of existence, esjiecially 
for the hatching of the spores formed in the body, after which 
the organism itself may enter the bixly, and multiplying, 
cause disease. Some examples of this nature have been 
observed in oi^anisms inhabiting putrid substances. The 
hatching and early stages of existence take place on the 
surface, but the after life, the real activity of tbe organism, 
is in the depths of the mass, away from free oxygen. Ac- 
cording to this idea the spores passing out from the sick 
person must first tiud a suitable soil for hatching and the 
beginning of development, before they are ready for growth 
in the human body. 

The efforts already made on this theory, for the prevention 
of the spread of epidemics, have been sufficiently successful 
to furnish an additional point of circumstantial evidence in 
favor uf its oorrectntss. 



INFECTION EXPERIMENTS. 

Turning again to the experimental evidence, we fiud that 
fragmentary experimentation has taken a new departure. 
Men have arisen from their microscopes and Iregun injecting 
the bacterian iluids collected from wounds, aud from those 
dead of disease, into animals, and watching their effects, 
lu the first of these, the animals seemed to have been killed 
outright by the amount of [Kiisuuous material injected, and 
Dothing was gained. 

Cose and Feltz were the first to obtain valuable results. 
They injected a small quantity of blood from a patient just 
dead of puerperal fever, into rabbits. The rabbits sickened 
and died of the disease induced. The blood from these was 
injected into other rabbits, which also died after a disease of 

t, same nature. This was repeated many times, always 
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with the s;imu results. Thtse observations were repeated am 
corroborated by a very large number of observers, within a . 
short time, and Davaine claims tliat after twenty-five successive i 
transmissions, he found one-trill ion tli part of a drop of blood 
sufficient to cause the disease and produce death. The disease 
induced, however, was pyaemia. And in these experiments 
this remained constant, no matter what disease the patient 
hatl from whom the blood was taken. 

The developments of this aeries of experiments were very 
curious. It was found that if the blood was filtered, aud the 
serum thus obtained injected, sickness aud death resulted, 
hut no pytemic abscesses occurred. The disease induced was , 
diiferent. Now, a long time ago, pyemia was supposed to be i 
caused by the absorptiou of pus. Tills was denied, aud after I 
much discussion of the subject, there was an efibrt to abandon 
this term, which was supposed to misrepresent the fatits. 
Septicaemia was introduced instead. The new name, how- 
ever, only partially succeeded in displacing the old ; for, when 
septicemia occurred, with the formation of abscesses, it was I 
still termed pyeemia, to distinguish this accompaniment. This i 
series of experiments seemed to demonstrate that, in the one 
ea~e, scpticeemia is caused by absorption of the fluids con- 
taminated by the effete mat«rial of the cocco-bacteria ; while j 
tlie other, pyaemia, is caused by both the absorption of the i 
fluids and the entrance of the coceo-bacteria. 

Recently, however, it lias been shown that each variety is J 
caused by a special form of micro-organism. The organism i 
causing septicemia being so minute as to get through the 
filter, had e.'^caped the earlier investigators. Dr. Koch of 
Berlin, and others, have clearly demonstraled that the fluids 
deprived of bacteria will produce transient poisoning; or if 1 
in sufficient (quantity, will kill; demonstrating its poisonous j 
uature. 
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With this study came a ranch gi'caler confidence in the 
germ theory on the part of many zealous observers. Yet 
many held to the views of Liebig, and showed that, with ihc 
excei)tion of gaseous ferments, wliich were certainly disproved, 
all the facts could be accounted for on the molecular motion, 
or chemical theory. It was claimed that the dried remains 
of decomposing bodies might fly about in the air, in the form 
of fine particles, and renew their effects on being moistened, 
as claimed for organic germs, and be kept out of wounds, or 
be destroyed by tlie same means ; that while micro-organisms 
were ac'companiraents, they were not a cause of disease. We 
will give the views held by some of the great men of the 
time, as showing the drift of the thought and the entangling 
of views that have occurred. 



TUIERSCH. 

Professor Thiersch, writing io 1875, after alluding to the 
success of the Lister method of treating wounds, and sketching 
the history whicli led to its ado]ition, seems at that time 
not to have been fully convinced of the truth of the germ 
theory of the origin of septic influences. Granting the full 
force of Schroeder's discovery, he thinks it still possible that 
the power of generating putrefaction may exist in the fluid 
product of putrefaction indepeudeutly of organisms; that this 
power may be retained in the dry re_mains of such fluids, 
which flcat in the atmosphere, and b^ filtered out by cotton, 
the same as claimetl for organic germs. Consequently, lie 
then considered the question an open one, as to whether or 
not putrefaction can progress without organic germs. He 
also objects to the detluctions from these experiments, because 
albuminous substances are always changed by heat in the ex- 
perimental flasks. The argument, or claim, that bacteria ai-e 
secondary to diemical changes, had been very widely held, and 
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flasks tlie orgauisms were always transferred lo fresh flasks, 
hither with a small quantity of the fi:rnii:ntL-(.l fluid, which, 
it wa'i claimed, prepared the way for the development of the | 
bacteria. 

LISTER. 

Mr. Lister, at the Loudon Congress, Vol. 2, page 371- 
relates that he drew blood, with antiseptic precautions, from a 
vein of au ox, iaUi small, puriiied bottles, and allowed it to i 
elot. He tlien introduced various quantities of ordinary tap- 
water {London hydrant water) into the dift'ereut bottles. He 
was surprised to find that eveu eight or ten drops failed to s 
up putrefaction iu the blood scrum, while the one-hundredth J 
part of a drop of the same water was always sufficient to set i 
lip putrefaction in milk. He experimented with the blood of I 
various animals with the same results. 

He found, however, that if the blood serum was diluted 
with water purified by boiling, the smallest portion of tap- i 
water would then set up decomposition. He also found tliat 
(lutrefying blood, very largely diluted with water, purified by 
boiling, did not readily set up putrefaction, while the smallest 
possible amount of the undiluted putrefying blood set up the 
process at onue. Speaking of the result, he says : "How itia 
that diffimian, of the bacteria renders them incapable of 
developiug iu the serum, I do not profess to understand. It 
may, perhaps, be, that wheo the bacteria are introduced 
directly from putrid blood, the produds of the putrid /er~ 
mentaiion adhering lo tketn, may Induce, chemically, au altera- 
tion in the normal quality of the serum, which, when thus 
impaired, may proae amenable lo the nutntlve energies of liie 
mioro-organiems ; while, conversely, copious ablution with 
water may remove from them the associated substances which 
may thus act as their pioneei's. The view might be otherwise 
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expressed by saying that tlie bacteria, per sc, are unable to 
j;riiw in uornial semni, and can only cievelop in tiio liqnid 
wlien vitiated, whether by the addition of water or by the 
action of small quantities of the acrid products of deoompo- 
sition. 

" Or, again, it seems to me conceivable that the normal 
senim may oppose an insuperable obstacle to the nutritive 
attractions of an individual bacterium, but that tliia may be 
uverrame by the associated attractions of several of the 
organisms in close proximity, after the analogy of llie more 
energetic operation of a c«n(«ntraled solution of u cheni- 
icat reagent. But whatever be the explanation tbu fact re- 
mains." 

I give the first statement of Mr. Lister as the stmngest 
statement of the view against iLe primary causative effecis of 
bacteria that I have seen, while I r^nl the second as 
approaching very nearly a true explanation of the facts in tlie 
case. I will refer to this again. 

One fact Mr. Lister thinks demonstrated beyond question. 
Pure blood resistsdecomposition under circumstances in which 
very many other snbslani-es decompose, and that a blood clot is 
a much better antiseptic dressing than was supiwsed. Most 
forms of bacteria must be gronjied tc^ther in some numbers 
before they can live and grow in blood ; while a single bac- 
terium lactis detached from others and washed with purified 
water will be sufficient to start decomposition in milk. 

DR. SALMON. 
The idea that pathogenic bacteria must be grouped together 
in considerable numbers in order to grow in the blood or 
tissue of animals, has recently been strongly confirmed by the 
experiments of Dr. Salmon {see Medical Record, April 7t!i, 
1S83), in his esi>eriinents with "dilutions" of the organisms 
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ixperimeDtcr finds that dihitionu J 
or the fluid containing these organisms first produce a mild J 
type of the disease wliicli they induce, and finally, as the I 
dilution is increased, fiiil entirely hi produce an eftect, although 
there may still remain in the drops injected a number of the 
oi^nisms. He believes the vital energies of the animal 
resist ihe growth of the organisms, and that numbers are 
reqiiireil to overcome this. We will allude to tliiw again. , 

BILLKOTIl. 

Billroth, in the course of his inquiries in tlie early [mrt of J 
the sixth decade, published in 1874, came to the conclusion j 
that organisms were present in the human body and iu tlie I 
bodies of animals in a stat« of health. And he sup[)oaed I 
that in ease of injury they need not be introduced from with- 1 
out in order to develop in a wound and produce sepsis, but 1 
that they may come from the tis,^ues beneath, and if the con- J 
ditions of the wound be not rendered unfavorable for them, I 
tliey may develop sepsis. Professor Thiersch eeemijto have J 
attached great importance to this view. I 

In the same publication, Professor Billroth held, also, the I 
view that bacteria were the accompaniments of disease, but I 
denied that they were a cause. His view of contagion seems | 
to have been divided somewhat between those of Liebig and I 
tliose of Beale (vide infra), that is, he seemd to have regarded I 
lioth these aa operative causes or modes of formation of oou- \ 
tagious matters, I 

In his introduction to a report on surgery, in 1876, betakes J 
occa^oii to speak of this subject again, and seems to have very 1 
materially modified his views, as will be seen by the following j 
sentence, which I quote: "I still hesitate to accept uncon- I 
ditionally the assurauue of our iHist observers, that zymotic I 
gemis have much to do with the causation of erysi[)elas, I 
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(liphtlieritis, septicteuiia and pyemia, but iu hoKpitil gan- 
greue there appeara to be no doubt that the disease is hq 
caused." 

Since that time Billroth has fully recognized the demon- 
stnitious of Dr, Koch. (See Belfield's Lectures.) 

PROF. THIERSCH. 

Prof. Thiersch relates the following accidental infection 
experiment; "At the end of March, 1871, the recently 
finished St. Jacoh's Hospital was brought into use. Sonm 
of the furniture from the old hospital (which was not in 
use because it was infected with hospital gangrene), was piled 
up in one of the courts. After some weeks it bad diaappearal, 
and the author was informed that it had been removed to 
a more fitting place. Two days later, a virulent typo of 
hospital gangrene appeared iu two wards (of the new hospital), 
remote from each other. A search for the cause of this 
gangrene, which had not been introduoetl from without, ex- 
posed the fact that the old infected furniture had been stoweil 
in two basement rooms, from which these two wards drew 
their fresh air," 

VIRCHOW. 

Prof. Virchow speaking on this subject at the International 
Congress at London, especially of the claim so often made 
that micro-organisms could only exist in diseased organs, that 
they were scavengers, which only attacked the dead or dying, 
said he thought the view was ooe-sided. It was necessary 
to distinguish between different forms of these organisms. 
Some very virulent organisms can multiply anywhere, in all 
tissues and at all times. 

"The bacillus anthracia had no need of diseased tissue^i. 
It is vigorous enougli to destroy any tissue, and will develop 

elf in a short time, from the point of introduction, into a 
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large fiicus of disease. So with diplitlicria. It is not neees-J 
sary for aiiy diseased part to exist before tlie disease com 
manees; that is, tJie organism finds its way into healthyj 
parts." 

" The action, then, of the virulent organisms is very differ- 
ent, and it is more philosophical to explain tlie facts in thia 
way, tlian to refer tlie differences to the mode of action of 
the parts." J 

"Part of them (kinds) will penetrate into the interior o^| 
cells, and there mnltiply, while the cells will perish, destroye^l 
by the evolution of the parasitic organism." M 

In other cases (kinds) the organisms pass between the ce^El 
elements into the interstices of the tissues, or into the inter^ 
cellular substance. In this case the action of the orgauismsn 
upon the cells is not direct. The cells are only affeded £yl 
aome. matter secreted by the organisms, or by some chemicalfl 
Bulwtance produced by the action of the latter uiwn the fluidsfl 
of the body. M 

PROF. KLEBS, OF PRAGUE. I 

Prof. Klebfi, of Prague, a worker in this field, of greaM 
ability, in his address upon this subject at the Londonfl 
Medical Congress, discussed the views of IJasliau, of tbel 
Bixmtaneous generation of organisms; and iu summing upfl 
says that " since it is abundantly shown, by observation wbicbfl 
is trustworthy and reliable, that the material cause of disesssv 
is introduced from without, therefore, the subject of epon-'l 
taneoua generation has no weight iu this discussion." I 

" Those organisms produced in the body, or those normallytV 
inhabiting healthy tissues, if such were proven to exist, couldia 
not be regai'ded as a cause of disease. Only one possibility I 
can here be entertained. Can the organisms ordinarily exiat^Kl 
iu g in the healthy body (if such there be, which Klebs denies}! 
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be so changed, on account of change in tiio fliiMa whicli they 
inhabit, that they may become a cause of disease. No dis- 
ease has been shown to arLiK under eouditions which would 
make this seem probable." Continuing, he says, "We may 
proceed from this proposition as the Iwisis of fnllire inquiry." 
"Specific diseases are caused only by specific organisms." 
"The question now arises, whether specific differences of a 
morphological nature, which remain constant, can be shown 
to exist in such oi^auisms, so that, beforeliaud, their nature 
can be shown by their forms." "It is possible that the 
specific effects may be due to fine chemical differences in the 
working of these organisms." " But, happily, even here the 
general law of nature holds good, that difference of perform- 
ance is represented by difference of form, and that within the 
same form linefl there are different grades, only, of perform- 
ance or capability." 

Prof. Klebs thinks that the knowledge already attained ia 
sufficient to demonstrate that the forms of the organisuis 
causing disease do remain constant, and produce the same 
phenomena and nothing elae, under given conditions. He 
attempts a classic cation, but admits that our knowledge ia 
not yet sufficient for a satisfactory basis, 

VOLKMAN. 
Prof. Volkraan, of Halle (London Congregs, vol. ii, page 
362), took strong grounds in favor of the germ theory. He 
says, "We know of no suppuration which does not depend 
on the influence of organic ferments. ... In the worst con- 
stitutions, and with the most disordered state of health, no 
suppuration takes place if septic infection is prevented. . . . 
If we could completely exclude all organic ferments, the 
largest open wounds and the most extensive loss of tisane 
would heal without suppuration." 
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LISTER'S REPLY. 
Thia was evidently regarded by Mr. Lister as a very ex-^ 

treme view. And he replied, speaking very strongly against. I 
the conclusioua reached by Prof. Vulkmaii, Klehs, and som6 
others. He says, "But, gentlemen, while I am more thaa' 
ever convinced of the relations of micro-organisms to disease' 
processes in wounds, I propose to utter, this morning, what 
seems to me to be a needed note of warning against a tend- 
ency to exaggeration in this direction. Thrs exaggeration, 
if such there be, is largely due to the success of the anti- 
septic treatment." 

After speaking of the certain snceess of the antiseptic' 
treatment of wounds, and the banishment of septicsemia, 
pycemia, hospital gangrene, etc., he says, "Such success pro- 
ceeding from a mode of treatment designed especially to 
exclude bacteria, may snggest that all inflammations are due 
to micro-organisms, and tiiat suppuration, acute or chronic, 
is always due to similar agencies. Gentlemen, I believe this 
to be a very exa^erated view of the matter, and a view 
which may tend to have a serious influence on our practice.'* 

"For example, if we believe inflammations are due only' 
to the invasions of microscopic organisms, to what purpose 
do we employ counter-irritation." 

Mr. Lister then goes on to show that infiammalitm does 
arise, in very many instances, without the aid of micro-organ- 
iains, and from a variety of causes, both in wounds and sepa- 
rate from wounds. That abscesses form, and pus forms, in 
many instances, under circumstances that exclude bacteriBr 
Also, that strict search has shown the pus, under such cir« 
cumstances, to be free from bacteria. 
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BEALE. 

It will not f)c out of place to notice here the peculiar views 
of Dr. Lionel S. Beale. 

In a work published in 1870, entitled, "Disease Germs; 
their Nature and Origin," Dr, Beale holds a view of this 
subject different from the more generally accepted theoryjand 
differing entirely from both Schwan and Liebig as to the 
nature of contagions. We should say, however, that this view 
was not entirely original with Dr. Beale, but he has given the 
most perfect exposition of it. 

In respect to bacteria, he regards them as accidental accom- 
paniments of disease; their home is among dead matter, 
having nothing to do with the living. Further, they are of 
no distinct species or form; a spore may ()rodnce this or that 
form, according to its environment, and nothing can be pre- 
dicated of the action of any particular form. They are 
scavengers only. 

Tlie action of a contagion is not a fermentative process in 
any respect, either in accordance with Liebig and thecheraista, 
or in accordance with the views of Schwan and Pasteur. All 
the facts he thinks susceptible of a different explanation. 

Dr. Beale regards disease germs as being derived directly 
from the human tissues by a process of physiological degrada- 
tion — by a metamorphosis of functional activity — without 
there being necessarily any change of form from the normal 
cell or bioplasm. This is the bioplasm theory of contagion. 
It has also been termed the auicGbuid theory. 

Dr. Beale believes contagious diseaae germs to consist of 
57 
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oiilgrowths from the white corpuscles of the nnrrual I 
excited by gerraa of a similar nature. This outgrowth occupb 
in successive chauges in the physiological activity of the bio 
jilasm of each succe^ive globule of Irving matter, as i 
globules are given off from the parent globule, until the type., 
of the exciter of the change has been reached more or less per- 
fectly. After these changes have been induced," and have r 
their course, many of these bioplasts die and are eliminate 
from the system. But very nnany are eliminated in the livin 
state, and the person or animal, if it has heen able to with->^ 
stand tlie attack, returns to a state of health. 

The germs eliminatetl in the living state have acquiretl i 
wonderful tenacity of life, and are capable of living for a ven 
considerable time in the atmosphere. They have the powei 
of entering into the circulation of another animal by way o%A 
mucous membranes and otherwise. And when so entered, theyl 
induoe precisely the same changes in the blood as before f 
described. 

This is an extension to the contagious diseases, with t 
change of form, of the theory now generally held as to 
nature of the formatiou of neoplasms, or new growths in 1 
form of tumors, such as cancer, sarcoma, etc. 

These are regarded as changes in the physiological characteP-S 
of the cells of the part, by which they take ou new propertiesifl 
resulting in abnormal proliferation of cells with like characMfl^ 
teristics. These cells, when transplanted to other a 
will, if the conditions be favorable for them, grow and mani-^ 
fest all their acquired physiological characters. In this w 
epithelial cancer may be transferred from man to the anim 
or from person to person, perhaps, as rea<Jily as syphilis from 
person to person, except that the cancer cells must be actually* 
grafted into the second person. 

Moreover, it is generally recognized that Ihe infiltratioj 
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wlii<'li oppiirs sn generally in carcinoma iw due to the wander- 
ing of young cells or bioplasts from the scat uf tlie tumor, 
wliii'h have, through a process of physiological degradation, 
ac<|uired new properties by which they are enabled to initiate 
a new focus of disease wherever tliey may lodge in the tissue. 
These are found to wander along the course of the lymph 
streams especially, and to a lesaer extent along the hloml 
streams. There is also a certain wandering among the 
neighboring tissues, infiltration. 

Such diseases, however, are never contagioiia, in the ordinary 
sense of that term, and such cells do not arajuire any [wwerof 
continued life when isolatefl from the animal economy. 

In ai^uingthe point. Dr. Beale does not insist that in each 
individual case the white corpuscles of the blood must pro- 
duce the germs of contagion. " For," he says, " the facts may 
be accounted for solely by the proliferation and growth of the 
acquireil germs or those that have been implanted from with- 
out. But," he says, " the fact that living matter of the bloofl 
of one individual will live in the blood vessels of another, 
that the skin, periosteum and other tissues may be trans- 
planted and grafted, prepare us for the remarkable circum- 
stance, demonstrated by experiment, that living pus bioplasts, 
which have, indeed, been derived from normal bioplasm, may 
traverse long distancej?, free and indojiendent, and then, gain- 
ing access to other organisms, may live and grow and multiply 
in them, and establish changes of the same kind as those which 
were taking place at the seat of their origin." 

lu speaking of the tiret origin of contagions, he says, " It is 
possible that the exceedingly minute living particles which 
constitute the ' contagium ' of contagious diseases may be the 
degraded offspring of some kind of normal living matter or 
bioplasm, which originally possessed comparalieely exalted 
tiisuc-foniiiiig, or other formative powers The 
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jilictiompna wliidi occasion flie formation of or(]i 
may, if tliey continue to occur for a long period 
determine the development of a speeilic pus, which has stil 
more marvelous powers of vitality. So, I think, it may 
reasonably be aj-gued that [f the ordinary feverish state be 
prolonged for a considerable time, and be severe in degree, it 
is likely that the bioplasm in the blood, collected in the^ 
CHpillaries, may give origin to bioplasm with marvelouslj 
increased power of retaining its vitality and of growing au< 
multiplying. The particles of this making their way through 
the vessels and estapiug may live for a considerable time, and 
having entered the blood of another person may excite in it 
the changes which accompanied its own development." 

" Finally," Dr. Beale says, " it is not probable that di 
germs have sprung from insects, or animaleulen, or any k' 
of vegelable organisms; neither have they originated 
external world and seized upon man ; but they have been di 
rived by direct descent from the normal living bioplasm 
the organism. They have originated in man, and if man 
not, indeed, responsible for their origin, he has certainly hii 
self imposed the conditions favorable to their production a 
dissemination." 

It is worthy of note that the experimental proof nj 
which Dr. Beale relies for Ins theory is similar to that n; 
which others have relicii fur proof that bacteria cause di 
namely, injection by pus and fluids from the tissues, 
observations of the transmis,sion of contagions, the meat 
which they may be prevented, etc. He does not pretend tii 
the character of such contagious biophwm cjui he dotcrmini 
by miei-oscopic study, hut ou the oonti-ary, distinctly 
that it cannot, and further, that the study of the siihjeot gives^ 
no hope whatever of demonstration by this mode of inquiry j: 
for the reason that the bioplasmio forms give no indiaitioijj 
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whatever as lo tlio character of their physiologlail activity. 
As a theory it is very interesting, aiid is rartainly very in- 
genious, and at the same time qnite plousihle. It has, how- 
ever, made but little impressioa upon the tliought of the world, 
and is now strictly limited to those diseases characterized by 
new growths of tiSiSue, by a great majority of the jtrominent 
thinkers of the profession. 

In the dtscnssion of this subject at the International 
Congress, this theory, as applied to contagious diseases, was 
mentioned but once. Dr. Richardson, of London, held views 
almost identical with those of Dr. Beale, (See American 
Journal of the Medical Sciences for October, 1875, page 516, 
for Dr. Richardson's views.) 

Dr. John Bell holds the same views. (See Half-yearly 
Compendium, January, 1872, page 112.) Also Prof. Crooks 
and many other important persoas ; indeed, this seems to have 
been the most prevalent view In England during the eighth 
decade of this century. Lister's success, however, swerved 
the thought of Englishmen to the theories of Schwan and 
Pasteur. 

BACILLUS ANTHRAX. 

"While the experiments detailed in our last lecture were 
beiug carried on mostly in Germany, Pasteur was still busy 
in France with his flask cultivations. Having demonstrated 
the nature of the ordinary ferments by pure cultivations 
(fractional cultivations as they came to be called, the develop- 
ment of one species out of many), he turned his attention to 
contagious diseases, and finally hit upon some brilliant re- 
sults. The most widely known and best proven of these is 
the isolation of the bacillus anthrax, the coutagium of that 
dread disease which has made such havoc among sheep and 
cattle in many parts of Europe, and also has been many 
times epidemic among men with deadly effect. He obtained 
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tliis bacillus entiruly pure, and succeeded in causing the dis- 
ease Id animalij by inoculating them with it, after the fiftieth, 
on to the one hundred and fiftieth generation, grown pure in 
his flasks. The whole life history of tie organism has been 
made out, and is now substantially confirmed by a large J 
number of separate observers. Indeed, this bacillus is re-S 
cognized ou sight by olBcrvers in this field of work every-* 
where. It can be bottled up and sent to any part of the world, m 
like vaccine virus, and produces the disease in regions wherel 
it was unknown, just as readily as at home. This would! 
seem to be a complete deui on st ration of the germ theoryil 
Yet strangely enough its acceptance as such has been received] 
with extreme caution. That M. Pasteur had the virus t^m 
anthrax, no one could doubt, but was it the bacillus, or wasfl 
it contained in some other form in the culture medium, and^l 
thus carried from iia.'^k to flask. It was still claimed thafeS 
the molecular motion described by Liebig had not beeaV 
eliminated, fl 

KOCH. I 

We have now to notice a class of experiments still morel 
conclusive than any preceding ones, and which are as yd)B 
unexcelled. But it is first necessary to notice the tnanner in I 
which they were approached. These are by Dr. Koch, offl 
Berlin, working under the auspices of the Prussian govero^fl 
ment. M 

This brilliant experimentalist has been very fortunate iuJl 
his endeavors to devise more perfect means of re«ignizingfl 
very minute oi^anlsms with certainty; and of isolating them'1 
by pure cultures. One of his first and most important featffi 
was the devising of a plan of staining these organisms, hym 
which he was enabled to practically isolate them from theW 
animal tissues. By his plan of aniline staining he succeeded ■ 
in obtaining the organisms colored a dark blue, while thel 
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tissues were rendered traiifip.ircnt. So ronijilctply was tins 
accomplished, that the animal tissues were practically gotten 
out of the way of the observation of the organisms. His 
plans have now been tried by a large number of investigators, 
and liave stood the test of adverse critioisui. By this new 
plan of work it was soon demonstrated that the normal tissues 
of men and animals are entirely free from these organisms ; 
and tliat the bodies before thought to be such by Billroth, 
Thiersch, and many others, were, in fact, the granular con- 
stituents of the blood. Billroth and others, after experiment- 
ing with the new process, have fully admitted the demonstra- 
tion. And the point may be cousidored as fully settled. 

Dr. Koch now began his work by the then common plan 
of injecting septic blood into the tissues of animals. At first, 
his results were similar to those common with this mode of 
experimentation. Too much of the material killed, by direct 
pttisoning, while a small amount induced disease. Eveu the 
slightest scratch of a blade that had been dipped into the 
blood of the dead house mouse on which he was experimenting 
produced the disease and death, in the usual time, upon a 
second mouse, i. c, from forty to sixty hours. The organism 
found in the blood of the dead animals was a very minute 
bacillus, which remained constant and pure. An effort, during 
these es[)eriments, to inoculate field mice with the bacillus 
cultivate*! in this way in the house mice, failed entirely. 
They proved to be in no wise susceptible to the disease. 

Now, Dr. Koch, in his examinations of the tissues of the 
dead houwe mouse of the original experinieut, had found at 
the point of injection an organism entirely diflerent from 
that found in the blood, and which he got rid of in the injec- 
tions made afterward ; having obtained these in as jierfect 
isolation as he could, by the means at that time devised, and 
tried thum un the field mice, be was surjirised to find that 
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fliey produtjctl a different disease entirely, which was not » 
!□ the experiments on the house mouse, for the reason that it I 
was killed by the first and more quiukly acting organism, be- 
fore the Bccoud had time to prodnce its effects. This new I 
disease ran a course identical with the dreaded hospital gan-' 
greue. The organism did not pass into the circulation at all. I 
It spread by its growth merely, and destroyed all tissues with T 
whieli it lame in contact, until vital organs were reached and I 
the animal destroyed. The parasite was found only in the 1 
diseased tissue, never in the blood. 

Dp. Koch says of tiiis : " These apiiearances lead us to the I 
conclusion that the action of these micrococci in causing the ' 
gangrene is somewliat as follows: Introduced by inoculation 
into living animal tissues, they multiply, and as a part of 
their vegetative process, they excretesoluble substances which 
get into the surrounding tissues by diffusion. When greatly 
concentrated, as in the neighborhood of the micrococci, this | 
])roductof tiie organisms has such a deleterious effect on the 
cells that these perish and finally completely disnpiM«ir. At | 
a grcjiter distance from the micrococci the poison ijecomes | 
more diluted and acts less intensely, only producing inflam- . 
niation and accumulation of lymph corpuscles. Thus it , 
Iiappens that the micrococci are always found in tlie gan- 
grenous tissue, and that, in estendiug, they are preceded by a 
wall of nuclei, which constantly melts down on the side 
directed towards them, while, on the opposite side it is as con- 
stantly renewed by lymph corpuscles deposited afresh." 

Inoculation with the juices of the dead tissue never failed i 
to induce the di.sease. Inoculation with the blootl did not 
induce the disease in any case. When the house mouse was j 
inoculated with this material, the disease induced was pre- 
cisely the same as in tlic field mouse. Thus, these two forma i 
of organism, one a very minute bacillus, the bacillus septic 
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the otlioracli!iin-like(!occr>-l)ad«rium, wore isolateilj and afU^r- 
wanl obtaiued eutirely pure by culture on dry slides — a pluii 
preseutly to be deaeribed. 

Why the field mice were insusceptible to the disease ho 
readily induced in the house mouse, remains a profouud mys- 
tery. Yet it is in accord with facts that are continually 
coming to light. It is a well-lcnown fact that certain persons 
reaist the contagium of smallpox, while others around them 
are struck down ; and the same is true of every other con- 
tagious disease. It is also a well-known fact that some 
classes of animals are insusceptible to certain diacaaes common 
to other auimals nearly related to them. It would seem that 
the organism inducing the partienlar disease does not find in 
this or that animal a suitable habitat, but why, is unknown. 

As I have said, tJiis class of experiments had been made by 
many before Dr. Koch; but he had developed a distinctive 
featui'e. He iiad dcmnustrated that the same ti.ssues or fiuid:j 
might contain germs, which, wlien separated, would produce 
separate and distinct processes of disease. Heretofore, as haij 
been said, this class of experiments had only succeeded in pro- 
ducing septicieniia and pyiemia, which were regartled as parts 
of the same process. And this result was induced, no matter 
what the disease with which the patient from whom the 
material wasobtainwi, may have died ; results very confusing 
to those who believed that diffei-ent diseases are induced by 
distinct and separate germs. 

We have already spoken of the fact that these results were 
very nearly identical with ordinary blood poisoning from 
wounds. Now in the discussion of Dr. Koch's experiments 
a new thought was developed. The subslauces injected were 
all contaminated with septic germs; and these virulent germs 
had killed the animals experimented upon, before otiier and 
slower acting germs had time to produce their results. The 
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more llie matter was tllscussed, the mme certnin it t-ccnied ] 
that this had been demonstrated. One point of vast import J 
had been altuined ; and now the ex|Jeri mentation must pn>- T 
wed from the new basis. Inoculation must be with pure | 
virus of some {uirtieular disease; not a snpjrased virus mixed I 
with various germs. Otherwise nothing distinctive could be I 
expected. 

As we have said, Pasteur had gained a most happy result ] 
from his flask cultures, in the isolation of the liaoillus anthrax. 
But it Iiad cost an immense amount of labor, and shown that. J 
the results were very uncertain at best. Besides, there was a 1 
serious objection ui^ed against flask cultures, in that smidl j 
jiortions of the fermenting fluid were always transferred lo J 
the flasks with the oi^nisnis. The an ti-vita lists daimed T 
that the molecular motion, poison or chemical ferments were I 
carried over by the small portion of fermenting fluid trans- 1 
ferrcd, and that where there were fermentable fluids, this f 
power would be propagated. It is evident that this argu- 
ment carried with it much force, for such men as Prof. Bill- j 
roth, Prof. Thiersch, and othei's of the great medical men 
of tlie world, still considered this argument a valid one, j 
which fetill placed the causative effect of micru-oi^nisms in ( 
doubt. 

Therefore other means of cultivation were earnestly sought. ] 
Dr. Koch, of Berlin, was again the successful man. He de- 
vised and brought into suiKessfnl operation the Dry Slide ' 
CuUivatioTt, by which the particular orgauiam could be watched , 
during its entire development, by the eye of the experimenter, i 
so that it could be seen, at any stage of the process, whethe 
or not the cultivation was contaminated by other oi^nisms I 
than the one desired. 

The plan was this. Suitable material to serve as food, or J 
soil, for the sastenaiice of tbe organism was mixed with 
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albumen uiid sU'rilizoil hy licat. Tliiw wiis carefiiUy retlin'i'il 
to a jelly that would soliiUfy on cooling, and spread in a tliin 
layer on glass slides suitable for oiioroscopic examination. 
When tlie slides were thus prepared, a needle was dipi>ed in 
the fluid containing the organism!) and drawn quiekly across 
the surface of the prepared culture medium, in such a way as 
to distribute the few that adhered to the needle, along the 
line of its track. This preparation was then sealed up, or 
otherwise protected from contamination, and kept at a suitable 
temperature for the growth of the organisms, and occasion- 
ally examined with the microscope. It was fonnd that the 
organisms grew well on such soil or food ; also, that it re- 
quired the utmost care to prevent contaminations. These, 
however, could be detected by microscopic examination, and, 
whenever found, rejected. It was also found tliat the differ- 
ent organisms present in a fluid could be separate<l by this 
method of culture ; for in drawing the needle point along 
the surface of the solidified jelly, the organisms would often 
be distributed singly, and would develop in little groups that 
could be seen by the naked eye. The charactera of eacih couUl 
be determined by the microscope. These were generally found 
in the form of little flakes on the surface of the jelly, aud 
each could be detached with a needle and conveyed to unotlier 
slide, or when desired, to a culture tluid, aud kept pure. 
From these pure growths the organisms are transplauteil to 
other slides, or culture fluids, at will, and for any number of 
generations, aud kept absolutely pure. Inoculations were 
made with these pure cultivations; and such inoculations 
were found constant in their effecte, whether taken from the 
fifth or the one huudredth generation. 

By this process, it is believed that the diflScuIty heretofore 
existing, as to the exclusion of a possible chemical ferment, 
Las been incontestably overcome. The phenomena are watclied 
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by the microscope, and the growth of the orgnnisniB is ail 
that ia Been. This, when carried on from slide tn slide, for 
several generations, must disconnect the organisms from any 
ptKsilile following of a chemical ferment. So palpable is thia , 
demonstration that Billroth, Thiersch, and many others, who 4 
had maintained a position of skepticism, have fully acknow- 
ledged it. 

By nse of these pure dry cultivations, Dr. Koch proved hia ' 
former experiments. He also obtained and cultivated the ] 
bacillus anthrax by tliis mode; the bacillus of erysipelas, the 
bacillus of leprosy, and some others of less note; and last 
of all, that is as yet definitely announced, the bacillus of 
tnberculosis. 

IlESULTS. 
It will be seen that this work is only just begun. While 
we have circumstantial evidence of the existence of very many 
disease germs, only a few have been positively demonstrated 
by isolation and pure cultivations, followed by inoculations 
and the production of 8i>ecific forms of disease. These are the 

Bacillus anthrax. 

Organism of chicken cholera. 

Bacillus of septicaemia. 

Micrococcus of pyremia. 

Cocco-bacterium of gangrene. 

Bacillus of erysipelas. 

Bacillus of tuberculosis. 

Bacillus of leprosy. 

Spirillum Obermeiri, the virus of relapsing fever. 
Besides these, there are some others not bo certainly demon- 
strated. A considerable number of organisms are now pretty I 
well known by tlieir continued association with a particular i 
form of disease, but have not yet been demonstrated by pure i 
cultivations and inoculations. The task of isolating one of ] 
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these forms, to begin with, is generally extremely difficult, for 
it is often associated with other forms, most of which have no 
disease-producing power, and the experimenter generally has 
no guide as to which is the one wanted until he has carried 
it through the cultivations and has made some inoculations. 
In many of the diseases he is met with another difficulty, 
which he often has no guide whatever in surmounting, in the 
fact that he does not know what animals are susceptible to the 
disease. A considerable number of diseases in men have not 
been known among animals, and under existing notions he 
cannot experiment upon men. And then the work is 
necessarily very slow. The thought of the present time de- 
mands absolute demonstration. No possible error is admis- 
sible. Dr. Koch spent two years in cultivating the bacillus 
tuberculosis and making inoculations with it, before he was 
satisfied to announce it. He induced the disease by inocula- 
tion with this bacillus in over one hundred diifferent animals, 
watched most of them until death from the disease induced, 
and examined them macroscopically and microscopically, to 
be absolutely sure there was no mistake. This is what the 
scientific world will demand in case of each and every disease. 
The work will be very slow, and years will be required for its 

accomplishment. 

THE EVIDENCE. 

The evidence that disease-producing bacteria are distinct 
from the bacteria of the decompositions is now becoming very 
clear. All the decompositions swarm with bacteria of various 
k^inds, that are entirely free from any causative relation to 
disease, and evidently, may be tolerated in food or in contact 
with the mucous membranes, and even in wounds, without 
any injury whatever. Every one who eats butter which has 
become even a little strong, consumes a great number of 
organisms, and yet without the least injury. The same is true 



70 



THE GERM THEOKY OF DISEASE. 



of many other articles of food. It also Beeins probable, from 
many observatious, that the results of decomposition, as it pro- 
ceeds to the destruction uf nitrogenons compounds, Sesh and 
the like, destroys most disease germs sucli bodies may contain 
at the time of death. 

It has been remarked by a considerable number of observers 
that blood poisoning from dead bodies will occur only before 
such bodies have proceeded far in the process of decomposi- 
tion. It seems that inoculations made with the fluid product 
of nearly complete decompositions do not produce character- 
istic blood poisoning. This is very distinctly asserted by Dr. 
Lionel S. Beale, who regards it as a strong argument in favor 
of his hypothesis. He supposes that the bioplasts which 
cause disease die during the process of decomposition, which, 
he thinks, could not be claimed in the case of bacteria. How- 
ever, the fact that one bacterium is often destroyed in the 
presence of another, probably by the waste product of the 
second being poisonous to the first, is now pretty well estab- 
lished, and fully accounts for the facts observed. Alcohol is 
the proper food of the niycoderma aceti, but the vinous yeast 
plant will not thrive in acetic acid. 

There is much reason, now, to suppose that disease germs are 
less plentiful in the air than was thought a few years ago. It 
is shown that a multitude of germs that induce decomposition 
are not even capable of living in the blmxl or tissues of men 
or animals when placed in them. The bacterium lactis, which 
flourishes in milk and in the animal secretions generally, will 
not grow in the blood or tissues of an animal. Also the bag- 
terium termo, which is so widely spread, and common in 
almost every atmosphere, and is now generally considered to 
be the cause of the ill-smeiliug putrefactions, will die in tbc 
living tissues or blood of an animal. Great numbers of 
organisms grow iu the nioulh of almost cvfry individual, ai 
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we liave seen tliem on the margins of, and in wounds of tliu 
mucous membranes, without in any wise interfering with the 
healing process. 

It would be a great mistake, however, to snppoae, from 
these facta, that disease-causing germs are never jjreeent in 
Buch situations. They may, at any time, mingle with tlie 
harmless varieties, and leaving these, enter the neighboring 
parts or circulation, and produce their legitimate results, 
namely, sickness of some specific kind. 

Disease- producing organisms vary very much in their 
power of gaining entrance into healthy blood or tissue. The 
bacillus septicus and the coeco- bacterium of gangrene, the 
most virulent organisms known, are totally unable to enter 
normal structures. They must enter through some breach 
in the surfaee, or await the weakening effect of other disease, 
to let them in by way of the mucous membranes. But once 
within the tissues, the strongest must yield to them. Othei-a 
of a less virulent nature can, of themselves, make the attack 
successfully without any breach of tissue or weakening effect 
of other disease. Such are the spirillum of relapsing fever, 
the organism of diphtheria, anil nndoubtedly, also, most of 
those of the contagious diseases. Still others may gaiu ad- 
mission without a breach of continuity, but much more 
readily enter thniugh some such breach, as, for instance, the 
bacillus of erysipelas. 

It will thus be seen that a man, perfect in all his parts, may 
go among some of t!ie more virulent of these organisms with- 
out fear. He may enter the dissecting room and work for 
weeks, and even years, among the septic germs, dipping his 
hands freely into the tissues and fluids, so long as his skin is 
perfect. But a slight scratch upon a finger may let in the 
septic germs that will speedily cause his death. 
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SPORES— HABITS, 

It seems well demonstrated tbat a number of the lower 
forms of life, bacteria, mycoderma, saccbaromyees, etc., form 
their spores under conditions other thau those best suited to 
the active growth of the plant. From a close scrutiny of the 
manner and time of spore formation of these life forms, it 
seems that they are formed only under conditions which 
slowly destroy the activity of the plant. The yeast plant 
forms spores only after fermcntatiou has ceased and its multi- 
plitation by budding hindered. It has been asserted tha,t the 
bacillus anthrncis will form spores in the cultivation flasks 
only when the temperature has been allowed to fall below 
that of the blood, and, therefore, cannot form them until 
eliminated from the animal in which they grow, or after the 
death of the ailimal. 

A considerable number of organisms, whose natural habitat 
seems to be fruits, such as grapes, cherries, etc., form spores 
only when drying occurs ; that is, the plant lives on the fruit, 
multiplying by budding or by fission ; but when the fruit 
gives out and drying up begins, the formation of spores begins 
also. This seems to be the controlling factor in spore forma- 
liou iu a large number of the bacterial forms. And tha 
l)hilosopliy of this act, when we consider it, is rather beau- 
tiful, and would seem to be a special fitness of function to 
Kapid multiplicatioQ by the simple plan occurs in the 
lof suitable conditions for activity. When these cou- 
t to fail comes the organization of the sjiorea 
terve vitality under conditions unfit for active 

...w at our disposal will not warrant the conclu- 

i,nat this is a law of spore formation for all these oi^n- 

Indecdj we have facts which dii'ectly controvert this 

proposition. 
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If Dr. Koch has traced the life history of the bacillus 
tuberculosis aright, it multiplies only by the formation of 
spores, never by fission or budding, and the spores are formed 
under the conditions of the activity of the organism. Only 
this one instance of this exclusive multiplication by spores is 
recorded, however, in the whole field of research among these 
forms of life. Many, however, have been found to form 
their spores during the continuance of the conditions of their 
activity, as the bacillus septicus, micrococci of gangrene, and 
some others. 

These facts have a very important bearing upon the modes 
of communication of contagious and infectious diseases, and 
may finally serve to explain some of their peculiarities. For 
instance, if it is found that a disease-producing organism pro- 
duces spores only when there is a lack of moisture, or at a 
tenn)erature below that of the human blood, it will be c^lear 
that the spores will be produced only after elimination of the 
organisms. If, in connection with this fact, it is found tiiat 
the developed organism is destroyed by drying, which is 
inferred, then it becomes clear that infection will not be likely 
to take place, through the medium of the air, directly from 
the sick to the well. Drying of the eliminated organisms 
must first occur, during which the spores are formed, and then 
the drying must be continued until the particles are ready to 
be wafted about by the air currents and in this manner be 
carried to the well persons. Dr. E. D. Salmon {Medical 
Record for April, 1883) has developed the idea that the intro- 
duction of the spores of the bacillus anthracis produces a 
different result from the inoculation with the developed organ- 
ism, under certain conditions. 

If this bacillus be cultivated continuously under conditions 
which will not allow of spore formation, it will be weakened 
in virulence, so that its introduction will cause a mild type of 
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the disoLse. If, however, this weakened bacillus be alloxv 
to form spores, these spores will produce the virulent type ut' 
the disease. If this observation be confirmed by further re- 
search, it will become au imi>ortaut element iu saoltary and , 
])rophylactic measures, especially so if it be found true of any 
considerable number of disease germs. 

It will be seen at once that the thought contained here has 
an important bearing upon the projwigatiou of yellow fever, 
cholera and typhoid fever. If we suppose that the power of 
forming spore-i only comus with more or less gradunl drying 
of the voided organisms, and that these organisms are not 
eliminated by the lungs and sweat glands but only with the 
excreta, therefore, not liable to be transplanted by immediate 
passage thniugh the air, we are at once able to understand 
the clinical facts observed as to conimunicabllity of these 
diseases. 

SUMMING UP. 

Having passed in review, briefly, the ri.se and progress of 
the Germ Theory of Disease, we may sum up the principal 
points thuHi — 

1st, In the seventeenth and eighteenth centuries, intelligent 
oljservers of contagious diseases, after much study of the sub- , 
ject, ciirae to the conclusion they were caused and pro|iagated 
by a process identical with or similar to fermentation and 
decomposition, 

2d. There was much study of the processes of fermentatiou | 
and decomposition, in order to arrive at a more clear under- - 
standing of the causes of epidemic and contagions diseases 
with the view of prevention and cure. These ex[>erimeut8 
demonstrated that the fermentations and decompositions were 
something dificrent from ordinary chemical phenomena. 

3d. The yesist plant was discovered by Sehwan and Latour, 
in 1S3S. These gentlemen annonnred distinctly that the 
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cheniicjal changes of vinous fermentation are caused by the 
life and growth of this plant. They disproved, by experiment, 
the previous hypothesis, that oxygen is the active agent in any 
of the similar processes; and, reasoning from this discovery, 
came to the conclusion that all the fermentations, decompo- 
sitions, miasms and contagions were caused by the life force. 

4th. These conclusions were attacked by chemists, notably, 
by Professor Liebig, who denied both the facts claimed and 
the conclusions arrived at, since which time there has been a 
continuous discussion of the subject. 

5th. In 1854, Schroeder conclusively disproved the exist- 
ence of gaseous ferments claimed by chemists, by admitting 
air filtered through cotton batting to sterilized fluids without 
causing fermentation. 

6th. From 1857 to 1861 Pasteur successfully worked out 
all the more ordinary fermentations by his fractional flask 
cultivations, and proved each of them to have a specific plant 
growth as its cause. He also showed that none of the decom- 
positions could proceed without living organisms, though the 
specific organism belonging to each was not clearly made out. 

7th. Basing his efforts on the results of the last two, Mr. 
Lister introduced his antiseptic treatment of wounds, in 1865, 
which has proved a panacea for most of the dreaded in- 
fectious wound troubles in all hospital surgical practice. 

8th. M. Pasteur, Dr. Koch and others have succeeded in 
isolating a number of distinct disease-producing germs, and 
causing the specific diseases in animals, regularly, by planting 
these germs under the skin, and Dr. Koch, especially, has 
succeeded in doing this after freeing the organisms of all 
possible following of decomposing matter by growing them 
upon dry slides. 

9th. This much having been proven, the continued obser- 
vation of numerous other organisms of distinct form and 
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character, always associated with specific forms of disease, 
warrants the inference that these diseases are also caused by 
specific organisms. 

10th. All the foregoing taken together gives strong pre- 
sumptive evidence that all contagious and infectious diseases 
are produced by disease germs. 



PART SECOND. 



FOURTH LECTURE. 



THE RELATION OF MICRO-ORGANISMS TO THE 

PRODUCTION OF DISEASE. 

One who has followed closely the experimentation on the 
relation of micro-organisms to the production of disease, will, 
I thiqk, accept the following propositions as a basis for a 
farther study of the subject: — 

1st. Experiment has shown that there are many micro- 
organisms which do not produce disease or injury; that the 
mere presence of these life forms is not, in itself, a sufficient 
cause of disease ; but that there are certain micro-organisms 
that uniformly induce disease when they are planted in, or 
obtain entrance to, the bodies of animals or men. 

2d. All through the experimentation that has been had on 
this subject, it has been noticed that poisons have originated 
in connection with the disease-producing organisms. 

3d. These poisons seem to be a product of the organisms, 
and, while produced only in connection with the life and 
growth of the microscopic plants, may be separated from 
them ; and, when so separated, produce direct poisoning 
similar to that induced by the poisons from the higher plants. 

4th. This poisoning is different from the disease that is 
induced by the organisms, in that it is direct, and compara- 
tively immediate; while infectious disease arises only after a 
more or less definite stage of incubation. 

5th. Therefore, it is probable that each infectious disease is 
caused by a micro-organism that is capable of developing in 
the tissues, or blood, and forming poisons through changes 
wrought in the molecular forms of matter, by virtue of its 
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vital energies; or, the physiological processes of digestion, 
nutrition and the formatioji of waste products. 

These considerations suggest an extended examination of j 
the physiological phenomena of life, in its varied forms, a 
related to matter, as. the best means of gaining a clear concep- | 
tion of the teachings of the facts developed by experiment. 
It will l>e seen by any one who reviews this whole subject 
dosely that, while the experimentation that has been had fur- 
nishes the strongest evidence that disease results from the | 
presence of micro-organisms (is brought about in some way ' 
through the life and growth of these lowly forms), the itiodiia 
operandi by which they induce disease fias not been explained, 
or such explanation has been but partial. 

Indeed, thus far, the principal effort has been to show that \ 
micro-organisma are regularly connected with certain pro- 1 
cesses of disease, and that these in no (.«se occur without this j 
accompaniment, rather than to show how they indnce disease. , 
This was necessary, in the beginning of this work, for the > 
collection and collalion of sufficient data upon which to con- 
struct theories, and found a basis of truth, from which inquiry 
might proceed to the more perfect uufolding of the mysteries of 
this importaiit subject. The Germ Theory of Disease, as it 
stands to-day, is essentially a mass of unexplained facts, devel- , 
oped by direct experiment of the most subtle nature ; so subtle, 
indeed, that there are but few men who have the natural endow- 
ments and rigid training necessary to verify them in a manner, 
and with the certainty, that the thought of ihe times demands. ' 

Under these circumstances, and with the plain fact before , 
us that the mere presence of the organisms is not a sufBcient < 
cause of Ihe diseases that experiment teaches us are induced by 
them, we naturally turn to the well demonstrated fact that 
micro-organisms do give rise to poisons, for an explanation of 
these phenomena. It is our jiurpose now to make an effort 
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to trace certain of the plieiiomcna presented by flie life foreo 
in its relations to matter, with the end in view of ehicidatiog 
this difficult point. In this direction, as it seems Ut mc, we 
are most likely to find a satisfactory explanation for some of 
the teachings of exiierimeut that have seemed difficult to 
understand. In these brief lectures, however, we can only 
glance at the principal points necessarily involved in a com- 
plete discussion of the subject 

The phenomena that we will now review will be Digestion, 
Absorption, Nutrition, and the Formation of Waste Products 
in the several forms of life ; after which we will stndy briefly 
the relation which the changed forma of matter, produced by 
the physiological activity of micro-organisms, may hold to 
the production of disease. This is necessarily a biological 
study. 

DIGESTION. 

Digestion is a process of solution and chemical reorganiza- 
tion of food material, by which it is fitted for reception by the 
life force, or is bronght within the sphere of chemico-vital 
influences. The material, when thus prepared, is conveyed 
within the organism by abaorption or osmosis. Digestion 
and absorption are the admitted forerunners of all nutritive 
processes — the initial ste]is by which nutrition is rendei'ed 
possible. This is true of all the varied forma in which the 
life force is manifest, from tbe most minute micrococcus to 
man. There arc sulBtancea naade use of by the life force 
without digestion previous to absorption, but every living 
thing is provided with this mode of fooil preparation. 

PROPOSITIONS. 

1st. All digestion is accomplished by soluble ferments, 
elaborated by the organism, wliether this digestion be accom- 
plisiied in a stomach, alimentary canal, or elsewhere. 
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2(1. Digestion in threefold in its forma: (a) Primary. (6) I 
Abaorptive or Rcsorptive. (c) Nutritive or Assimilative. 

Primary digestion is the ordinary method by which food is ] 
fitted for reception by the orgiinism. It is accomplished by I 
a soluble ferment, or ferments, secreted by the organism and f 
throwu out (a) into a cavity, stomach or intestinal canal, into 
which the digestible material is brought; (6) info the snr- 
rouoding media in which digestible material ii 
upon digestible solids or semi-solids. 

Absorptive and resorptive* digestion is accomplished among I 
tlio ordinary tissues, by a soluble ferment elaborated by the J 
tissues, under special circumstances: (a) For the removal of j 
tissues no longer needed, as roots of temjiorary teeth, of bone I 
during changes of form, and of other tissues arter their purpose ( 
has been served — resorptive digestion, (b) For the removal 
of substances accidentally lodged in the tissues, as animal | 
membrane and catgut ligatures, etc. — absorptive digestion. 

Nutritive digestion is performed within the tisanes tliem- 
selvoa, and by them. It is the act of assimilation, the act by i 
which nutritive material is converted into tissue and formed , 
material. 

Primary digestion, in the higher animals, is jierfornied ia ' 
the alimentary canal. This is accomplished by the aid of I 
certain substances known as soluble ferments. The term ^ 
soluble ferment is used to denote a very different thing from , 
an organic ferment. An organic ferment is always com- 
posed of living cells, and is therefore insoluble. A soluble \ 
ferment performs the act of digestion only, and is not capable I 
of reproduction; while an organic ferment performs all the I 
acts of complete fermentation, and is capable of coutinuoua ] 
reproduction. All soluble ferments are products of the 
activity of cell life, or of the life force in the cell form. In j 
the stomach it is found that certain cells, forming the [leptic ' 
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gliiuds, secrete a fluid rich in pepsin, whioh constitutes the 
true suluble ferment of the stomach, the office of which le the 
eonvoreioQ of food of (rortaio known qualities into peptones or 
chyme. The pancreas elaborates another soliibla ferment, 
panereatin, or trypsin, which acts upon another portion of 
the food. Other portions of the alimentary tract fiu-nisli 
other soluble ferments, which in their turn act upon the food. 
The combined eifect of all theae is to fit the food for reception 
by the blood, through tlie process known as cemosis. 

It will be seen at once that these processes of digestion are, 
in fact, extraneous to the body ; that is, they are in receptacles 
in which food material is met by appropriate soluble ferments, 
by which it is dissolved and its chemical constituents re-ar- 
ranged, remoleculized, (I use the word "reraolecniize" to 
designate that disturbance or change of the molecular form 
of matter which occurs under the influence of tiie life force. 
Aa an example, I may take the change that occurs in starch 
in the presence of saliva, which is expressed in the following 
formula : — 

It will be seen here that the digestive body, ptyaline, does 
not enter into combination, but, by its presence, causes a com- 
bination of the water and starch, producing a remoleculization 
with the formation of glucose. Again, the digestive body 
given out by the yeast plant, when in contact with cane sugar, 
dissolved in water, induces the following changes: — 

c"hi"o'^Ii + h',0 = cjiTzO, + crHiTo, 

This result is different in that two new botlies are formed 
by the juncture of the two with which we began. In the use 
of the word we ap|dy it to any [jossible molecular change, 
without expressing the character of that change. We may 
aay that the yeast plant destroys sugar by remolecniizing it, 
S 
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or tliat aleoliol is a product of tlie reraoleculizatioii of sugur 
by the viuoU3 yeast plant, etc.) 

It is also sufficiently established that these soluble ferraenta 
v/ill act upon food material just as well when removed from 
(ho cavities of the body as in thcni, pi-ovided a proper tem- 
perature be maintained. This fact shows that soluble fer- 
mouts, while formed only by tlic life force, when once formed, 
net without the life force. A soluble ferment is not itself 
alive. 

FERMENTS. 

An example of digeetion without a stomaeh, or the act 
of digestion of food material suspended in a. surrounding 
medium, is found in vinous fermentation; which is accom- 
plished by the torula, saccharomyeca cercviaia, or yeast plant. 

The histoiy of the plant is too well known to need descrip- 
tion or affirmation, othtr than the points needed for ilhistration. 
WJien pure vinous yeast is washed with distilled water, a 
peculiar substance 1b found dissolved in the water. This is 
yielded continuously during the life of the plant. Examina- 
tion has proven this substance to be a soluble ferment, having 
a peculiar effect upon sugar. This lias been examined by M. 
Berthelot, M. Becamp and otliers. It lias been precipitated 
and obtained in the form of a imwdcr, somewhat similar to 
Pepsin, and when redissolved, has been found to retain its 
original action upon cane sugar. This action is to split up ■ 
the sugar into two substances, called Glucose and Lavelose, i 
the formulie of which we have given above. 

This reaction always takes place as the primary step in 
alcoholic fermentation, and is the primary digestion which 
permits of the appropriation of the food material by the yeast 
plant. This is entirely analogous to the digestion of food in 
the stomach of an animal, by which such food is received by 
the blood to be conveyed to the tissues for their nutrition; 
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a redRplaclc provijwl for the purpose, an alimentary canal. 
This is one instance of a type of digestion whioh I believe to 
be universal in case of all unicellular animals and plants, 
Tlie formation of a etomach is a provision for the couserva- J 
tion of force, but it in no way changes the modus operandi 
of the digestive function. 

Now, if I have been understood thus far, you will probably 
be enabled to undersiaod the import of certain exjieriments 
which have seemed involved in mystery. I will again refer 
to a series of experiments by Mr. Lister, mentioned in my , 
last lecture, in which he says that he tried a lai^e number of ' 
experiments in which he found unmistakably that "it re- 
quired several di-oiis of tap-water (London hydrant water), in i 
which there were bacteria termo, usually one, to two, or ' 
three, in a drop, to start putrefaction in blood serum ; while 
the least possible portion of putrefying blond (containing, 
probably, no greater number of bacteria), would start it at 
once." He wondered at thia, and says that "it may be that 
some substance adheres to the bacteria, or is present in the 
portion of decomposing blood, that starts the decomposition; 
whereas, the bacteria washed with pure water are free from j 
this." 

In another paragraph, Mr. Lister, always close to the front 
when eearehiug for truth, strikes much nearer the mark. He 
says : "Or again, it seems to me conceivable that the normal 
serum may oppose an insuperable obstacle to the nutritive at- 
tractions of an individual bacterium, but that this may be 
overcome by the associated action of several of the organisms 
in close proximity, after the analogy of the more energetic 
operation of a concentrated solution of a chemical reagent. 
But whatever be the explanation, the fact remains." In this 
paragraph we find a close statement of what seems to me to 
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be tlie pliyaiological fact in tlic case, only Mr. Lialer seeiiia 
not to have reached the point of recognizing the general jihy- 
siological law appertainiug to this subject. 

I shouhl esplaio the phenomena in this wise; the soluble 
ferment, diastase, or digestive agent given out by thia bactfiri- 
um, must attain to a certain degree of intensity, or conceutra- 
tioii, before it is capable of acting on blood serum. A aiugle 
bacterium is incapable of forming a sufficient quantity of 
soluble ferment, when dissipated among the serum, to accom- 
pliah this digestion, and being incapable of appropriating the 
undigested material, dies of dyspepsia; while, if a large num- 
ber are massed together, there is a corresponding concentratiou 
of the ferment substance, the digestion of the serum is accom- 
liliahed, and the colony will flourish. T!ic serum ia ajieetlily 
decomposed. 

Tlie soluble ferment of B. terrao haa been practically 
demonstrated by Worttnan, who has shown that starch may 
be reraoleculized by this organism if no other source of car- 
bon is available. And that Id this case a diastase (soluble 
ferment) is secreted which iirst transforms the starch into 
sugar (giucose), which is consumed by the bacteria as fast aa 
formed. If a potato be boiled and a slice cut from it smoothly, 
to expose the surface, and this surface be exposed to the air 
f<iT a few minutes, in order that a few germs that may be 
floating in the air may light up<m it, and thia be protected 
afterwards from other germs by a bell-glass covering, with 
sufficient water to prevent drying, there will be a develop- 
ment of clusters of bacteria lying upon the surface. In or- 
dinary summer temperature this may be seen, usually, after 
two or three daya, aa small points of varying colors. Now, 
if theae points he removed, one by one, and examined with 
the aid of a mlcroacope, it will be found that each little cluster 
ia, aa a rule, made up of micro-orgauisras of one distinct 



variety, but the diflerent clusters will usually be of different 
varieties. Each of these has eviflently developed from a 
sin-fle germ or spore which has hapjiened to fall at that spot. 
By what means do these bacteria appropriate the starch of the ' 
potato to their nutrition? This material is not, as we know, 
in a sfate fitted for the nutrition of thrae organisms; nor, 
even in a condition iu which it can be taken up by osmotic 
action. The starch mnst be digested before It can be appro- 
priated. That this digestion really takes place may easily 
be shown. If we prepare the potato as above described, 
watch it until the micro-organisms have grown to a greater 
extent — until they have spread over the surface and the 
little clusters have coalesced with each other — then cut a , 
very thin slice from the surface, and submit this to the chem- j 
ical test, we will find that a part of the starch has been 
changed into glucose, or some form of sugar. This change I 
is the usual first act in digestion by plants, when starch ia 
the sulistance acted upon, and is the primary digestion per- 
formed by the diastase, or soluble ferment secreted by these 
organisms for the preparation of their food. This change ^ 
goes on very rapidly, and the greater part of the sugar formed 
is at once appropriated to the nutrition of the organisms, and 
its molecular form again changed. In the earlier stages of 
the process or growth, it is probable that the sugar formed is 
very nearly all nseiJ as fast as formed, but when the growth 
becomes very luxuriant, there is a superabundant digestion 
which permits us to find the traces of the sugar, which reveals 
the manner in which the nutrition of the little plants ia 
brought about. 

This process will continue until every particle of the starch 
has been rcmoleculizcd. But this is only one of the series of 
remoleculizations which take place. The starch is converted 
into sugar, the sugar into tissue of the growing plants, and 
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during all this process the plants are giving off waste products. 
These waste products miugle with the remains of the potato, 
giving to it its oSiansive qualities, and it is said to be rotting. 
We learu from this study that it is not necessary that food 
material be dissolved in liquid in order that it may be ap- 
propriated by bacteria. They are able to furnish a solvent 
which will bring it into a condition fitting it for osmosis. 
Otherwise bacteria would be utterly incapable of attacking 
solids or semi-solida. Yet the cultivation of the pathogenic 
micro-organisms on solidified media has been rendered popu- 
lar by Dr. Koch, of Berlin, and it is now fully established 
that they grow well upon such food. This was described in 
my last lecture, and is very similar to the growing of the 
organisms on the potsito just described, and illustrates the 
same physiological laws. Indeed, it seems to have been the 
observation of the growth on the potato that led Dr. Kofli 
to the dry slide method. By this method, solid food mate- 
rials may be prepared that are suited to the wants of the par- 
ticular organism; and, so far as I am inforioeil, any of the 
micro-organisms may be successfully cultivated by this plan, 
if eufficieut skill is used in the selection and preparation of 
the material. Under these conditions it could not, reasonably, 
be expected that the food material could be imbibed by the 
organisms unless they could furnish some solvent by which 
it is brought into a condition fitting it for osmotic action. 

All these facts point unmistakably to the formation of 
soluble ferments by the organisms, which serve the purpose, 
not only of liquefying, but of changing the molecular form of 
food material ; a process in which the analogy to digestion, or 
conversion of food material into peptones in the stomachs of 
the higher animals, is perfect. 

Many of the micro-organisms seem specially adapted to 
certain foods, and their digestive solvents are such ai to serve 
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the special purpose, an is seen In the aiiirnoiilacal fermentation 
of urine, " M, Muaculus has shown that wa may obtain from 
altered urine a soluble ferment. Upon adding to it highly-con- 
centrated alcohol a precipitate is formed which may be filtered 
and dried. This precipitate, not at all organized, transforms 
urea into carbonate of ammonia. A temperature of 80° {176° 
Fah.), destroys it. This diastase appears, then, to be a. secretion 
of the micrococcus urea, and perhaps the role of the bacteria is 
limited, in the phenomena of fermentation, to the formation of 
this secretion alone. Thearamoniaeal transformation of urine 
would, consequently, enter into tlie group of fermentations by 
the varieties of diastase." (Magnin on B;ictfiria, page 14^ } 

The proof here given of the production of a true digestive 
body,ordia3tase,by the micrococcus urea is sufficiently positive; 
but M. Musculus must be wrong in his supposition that the 
" role of the micrococcus is limited to this one function ; " for, if 
the organism does not appropriate from the results of its diges- 
tion, wherewithal does it live. It may be that we have here an 
example of suiwrabnndaut digestion, which, as a matter of fact, 
is to be exi>ectod when the natural condition is the diffur^ion of 
the digestive solvent through uciassesof fluid material. But the 
organism must live by remoleculizations within itself, and elim- 
inate waste pro(iucts. Therefore, the explanation is incomplete. 

It has also been shown that the first changes which albumen 
undergoes in decomposition are similar to digestion. It is first 
converted into soluble forms, partly peptones, and afterward 
converted into other forms. 

PLANTS. 

When we turn our attention to the liigher forms of plant 

life, we are beset with many difficulties. The botanists, it 

seems, have, as a rule, endeavored to explain the growth of 

plants from the chemical standpoint, and have almost univer- 
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sally started wiUi the thought that the roots of the plant 
ahsorbud water, with whatever might happen to be <Iissolvcd 
in it, and from this the plant appropriated that which it could 
use iu the building of its tissues. This mode of reasoniug 
has, liowever, failed to give satisfaction. Many facts liave 
appeared from time to time which could not be explained 
upon this supposition. Prominent among these is tlie fact 
that material is coutinually found in plants which cannot be 
found in a solnble state iu tlie ground in which the plants 
grow, Sachs (Text^Book of Botany, p. 625), in discussing this 
point, says : " But a large portion of food material, especially 
compounds of ammonia, potassium and phosphoric acid, occur 
in the ground in a fixed condition, or as it is generally termed, 
absorbed ; they are not extracted from the soil by very large 
quantities of water; the roots, nevertheless, take them up willi 
ea.se. It may be supposed, in these cases, that the absorbed 
food materials occur as au extremely fine coating over llie 
particles of soil, and can therefore only be taken up together 
with them by the root hairs at the points of coutact; and they 
are there rendered soluble by the carbon dioxide exhaled by 
the roots. This action of the roots is limited to the )X)ints of 
contact; only those absorbeil particles of substance which come 
directly into contat;t with tlie root hairs are dissolved and 
sucked up. £ut, since the numbers and length of the roots is 
very considerable in all growing land plants, and since, also^ 
they are continually lengthening and forming new root hairs, 
the root system comes gradually iu contact with innumerable 
particles of earth, and can thua take up the necessary quantity 
of the substauce in question. This power of the roots of tak- 
ing up, by means of the acid sap, which permeates the walls 
of even their superficial cells, substances which are insoluble 
iu pure water, presents ilKilf in an extremely evident manner, 
an I was the first to show. 
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"Wlieu [wlislied plates of marble, dokimite, or ostcolitu 
{calcium phosphate), are covered with sand, to a deptli of a 
few inches, and seeds are then sown in the sand, the rooltj, 
which strike downward, soon meet the polislied surface of 
the mineml, and grow upon and in close contact with it. 
Alter a few days an impression of the root system is found 
corroded in rough lines into the smooth surface; every root 
has dissolved, at the points of contact, a small portion of the 
minemE, by means of the acid water which permeates its outer 
cell wails." 

Here we have, clearly set forth, and proven by experiment, 
a virtual gastric juice, a substance elaborated and sent out to 
meet food material, dissolve it, and render it fit to bo brooght 
in, by osmosis, the same as in the higher animals and in tlie 
lower forms of unicellular life. 

It is not yet shown, in this case, that this is a specialized 
soluble ferraeut substance, but it evidently acts the part of 
such a substance, and, while this is so clearly shown, its com- 
position makes but little differeiice, so far as our present pur- 
pose is couoerned, which ia to show that all forms of life arc 
dependent ujton digestion in some form, for the pre[)aration 
of the material upon which they suksist for absorption. 

It is not claimed that all material used by the life force 
must undergo this kind of change. Water is used without 
such change by all forms of life, and probably many otiier 
substances are so ased. 



SPROUTING OF SEEDS. 
With every egg that is formed there is a provision for the 
nourishment of the embryo until the animal has developetl 
the organs by which it is to prepare its food for assimilation. 
The egg is composed of two parts, an embryo, and formed 
material for the nutrition of Lliat embryo. In the seed there 
5* 
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is llie same provision precisely. Surround in g (lie eiiibryu, 
tiiure is laid up a store of formed material for the iiourish- 
nieiit of the yonng plmit until aiich a timeas it shall have de- 
veloped its roots and leaves, the organs by which it gathers its 
fooil, sufficiently for this purpose. 

In neither of these is the food matfirial in a condition to be 
formed into the tissues of the young animal, or plant, without 
remoleculization. It must be redigested before it can be 
assimilated by the embryo. This process has been best 
studied in the seed. Here it is found that the embryo elimi- 
nates a true digestive substance, called diastase, the office of 
which is the digestion of the store of food material. Of this 
sntratance Regnault says : " A peculiar nitrogenous sul)stance, 
called 'diastase,' which possesses the property of converting a 
large proportion of fccula (starch) into dextrin, and even into 
sugar, when its action is sufficiently prolonged, exists in the 
germ of the ccrealia and in tubercular vegelablea. It ap|)eara 
to be formed at the moment of germination, probably at the 
expense of the albuminous matter contained iu the grain, as 
it resides in the very origin of the germ, and in the eye of the 
tuber; and its use iu the vegetable economy appears to be 
that of disaggregating the amylaceous matter, and transform- 
ing it into an isomeric soluble substance, which the vital 
forces then change into other isomeric, hut insoluble sub- 
stances, such as cellulose, which is to form the framework of 
the growing plant," 

This substance ia very well known, and its action on the 
starch has been closely studied. It may be precipitated by 
alcohol, and obtained in the form of a powder, and preserved 
for a long time, and when redissolved in water will still pro- 
duce its effect on starch. This effect, like that of other sol- 
uble ferments, ia not to be explained by the ordinary chemical 
laws. One jiart of diastase will convert 2000 [mrts of starch 
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into sugar, Tho ofGce of this substance, therefore beooiueia 
clear; it is the true digestive body of the embryo plant, by 
which ita store of food material is renioleculized and fitted 
fur its assimilation. 

In the egg, this process has not been so well made out; but 
enough is known to determine the fact that the store of albu- 
men is profoundly changed previous to assimilation. 

The perennial plant, which lies dormant in winter, is to 
some extent similar, dnriog the interval of inactivity, to the 
seed. Ifc contains within its structure formed material for 
use in spring time, for the reformation of the leaves, for the 
gathering and transformation of a. portion of its food material. 
These stores of formed material seem to be made use of much 
in the same manner, and by the same means, by which they 
are transformed in the seed ; that is, by means of a diastase, 
or soluble ferment, formed at the projier moment for its solu- 
tion. In this respect, we find a close analogy between the 
plant and the animal, as we shall see furlher on, 

I have brought forward these well-known phenomena for 
the purpose of enforcing the principle lying at the very 
threshold of the nutritive function ; for the purpose of impress- 
ihg the fact that the life force, wherever found, carries forward 
its business in regular and definite forms, by regular and deji- 
nUe means; and that its meaus to the accomplishment of the 
preparation of its food material is similar throughout all its 
varied forms. One form of life lives on this, another on that 
food material, but the process by which food material is 
brought into a state fitting it for its final assimilation by the 
life force, and the building of tissue, of whatever kind or 
quality, is the same in its general plan. 
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NUTRITION. 

The digestion of nutrition is performed by the tissue itself. 
When 110 ferment substance 13 divisible from the tissue the 
existence of such substance has been inferred from the phe- 
noraena observed. Wc think no one will doubt that the food 
of the animal goea througii further fermentation or digestion 
after it is taken into the blood, at least, a certain remoleculi- 
zation, by whatever name it may be called. Is this change 
brought about iu the blood ? Posssibly it is, to some e.ttent, 
especially during its passage through the liver, the great gland 
of the blood vascular system, the soluble ferment, or diastase, 
of which is well knowu. But the great change is brought 
about by the tissues themselves. 

In primary digestion there is simply an absorption of other 
molecules or atoms, by the molecule of the substance under- 
going digestion, or a splitting up into simpler compounds. In 
the nutritive digestion (nutrition assimilatiou) there is a 
reorganization of the elements into new tissue and formed 
material. This reorganization is performed in the cells tbem- 
eelves. The substances are taken into the interior of the cells 
by osmosis, and then remoleeulized by act of the vital force. 
This is the point, evidently, of the most intimate association 
of matter with lifej it ia here that matter ia said to be en- 
dowed with life. 

The products formed here are very definite. The reor^ni- 
zatiou resnlts in tissue, each tissue selecting and building for 
itself, and to itself, from the material carried in the blood 
streams, obtained from the primary digestion and from the 
lungs. In this reorganization and building by the tissues, 
definite waste products are given back to the blood streams, 
namely, carbonie acid and urea. These are cast out by the 
lungs and kidneys. They are found to be incompatible with 
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life, if retained in any considerable quantity. Here, also, are 
formed the secretions destined to serve the animal in the per- 
formance of the digestive and other functions ; in the animal 
forms mostly by specialized cells acting vicariously for the 
other tissues of the body. These are special developments of 
function, seen as we ascend the scale of life. But these func- 
tions are also present in the unicellular forms of life, where 
there is no such division of labor or function developed. It 
is not a new function, but a special development of cells to 
act in this matter for the whole. 



FIFTH LECTURE. 



YEAST PLANT. 

For comimrison, let tis turn again to the yeast plant. Here 
we liave uo blood Htreams to interfere with our study of plie- 
nomena. The same cells that emit the soluble ferment which 
performs the primary digestion, appropriate the results of that 
digestion, not individually, but en masse. That is, each cell 
individually excretes, so to speak, the material, the soluble 
ferment, that performs primary digestion. This digestion is 
performed by the whole amount of material excreted, indft- 
peiidently of the individual cell, but in the appropriation of 
the results of this primary digestion, each individual cell acta 
for itself only, and independently of all other cells. The 
result is the building up of the tissue of the cells by remo/eoii- 
Uzing the original elements into new forms, with the elimi- 
nation of waste products. 

In this case the waste products are alcohol and carbonic 
acid. One is the same as in the animal, carbonic acid, the 
other is different. These waste products agree, in their effects 
niron the activity of the plant, with the waste products of the 
animal upon its life force. Alcohol, in a certain quantity, 
stops the growth, the activity, of the yeast plant which pro- 
duced it, and if sufficiently concentrated, destroys it. Urea 
does the same for animal life. 

These excretory products differ widely among the lower 
forms of life, and yet, as we shall show in another lecture, re- 
tain a constant resemblance. 

In case of the mycodermi aceti, the acetic acid plant, the 
excretory products are carbonic acid and acetic acid. With 
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flie biictcria teriuo, the excretory prodin'ta are very ctjinplex, 
consisting of ammonia, siilpbii retted hydrogen, and otiier ill- 
smelling products of putrefautive fermontation. Some of the 
niueidines excrete butyric acid; other forme excrete other 
waste prodnets. Only a few of these have, as yet, been very 
accurately studied. 

Often, perhaps, it is by these excretory products from bacte- 
ria that gain access to the blood, and are capable of living 
there, that disease is proiluccd. One case in point. Dr. Car- 
ter, of India, in his very careful and laborious examinatiou 
of the blood spirillum of relapsing fever, has found that these 
organisms become still, and diminish in number during the 
exacerbation of the fever, and during the intervals of com- 
parative freedom from the rigor of the disease they become 
active and augment in numbers, until the approach of another 
attack of fever. What does this mean? Certainly the 
disease is not caused in this case by the primary digestion, by 
the soluble ferment, as it seems to be in hospital gangrene. 

The case seems reversed. Here it seems that the accumu- 
lation of the excretory products of the orgauisms cause the 
sickness; also, that the amount present in the blood is suffi- 
cient to check the development of the organism. Suppose the 
yeast plant could grow in the blood, and develop its alcohol, 
might it not intoxicate the man? 

The course seems to be this. The soluble ferment excreted 
by the spirillom aHects the patient but little, the development 
proceeds, and excretory products begin to accumulate more 
rapidly than they are carried away by the emunctories ; finally, 
when a certain couceiitration has been reached, the patient is 
thrown into violent fever. The bacteria are also so affected 
by their own excreta tiiat they droop and fail to flourish. 
They become quiet. The patient eliminates the poison, and 
all is well again with both patient and spirillum, and tlie 
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repetitioQa cuntiDue. But in thia I am anticipating; waste 
producta will be discussed in another lecture. 

CELLULAR DIGESTION IN THE HIGHEIi 
ANIMALS. 

In the higher forms of life we find a division of lalwr in 
the primary portions of the nutritive function, the prepara- 
tion of the material for nutrition. Certain portions of the 
animal body are set apart, so to speak, to perform this func- 
tion for the whole. In the lower forms this function is 
performed by the whole mass of cells sa a unit, each doing a 
part as an element of the mass. In proof of this we have 
cited the instance of the bacterium, in blood, where digestion 
Ciin only be accomplished by the united efforts of a mass of 
colls. We find, then, that in the lower forms of life cells 
may act for each other in the matter of priiuary digestion, 
and that in the higher forms of life a special development 
occurs which enables certain cells to act for the general mass. 
But in the matter of nutritive digestion each individual cell 
must act for itself in the one case, as in the other. Here 
there can, in the very nature of things, be no vicarious 
function. 

Is it impossible that the cells of the higher animals may 
excrete dige.stive fluids; soluble ferments, also, under certain 
particular circumstances"? We shall see. 

RESORPTIVE DIGESTION. 

We now approach an imjiortant point in this discussion, 
the third form, or reaorptive digestion. 

We wish to state distinctly that all resorption and absorp- 
tion of material not primarily fluid, that is, not simply eu- 
dosmotic, is of tlie same uatui'e ss primary digestion, and Is 
performed in a similar manner and by similar agencies, 
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liiroiigli a vicarious secretion of a digestive fliiiil, a soluble 
ferment, by the proper tissues of the body. 

We will take for ilhistration tlie familiar process of the 
resorption of the roots of the temporary teeth. This in a 
physiological process, as all other rcsorptive processes are. 
It is brought about by the action of certain cells which have 
become known as ostco- or odontoclasts. It has been claimed 
that the osteoclasts are really oetcoblastsj that have changed 
tlieir function from that of builders of bone to absorbents of 
bofjc. The distinction is not important in this lecture. These 
may be only the ordinary connective tissue cells of the part in 
immediate proximity with the part to he removed, which have 
temporarily taken on uew functjona, the secretion or elabora- 
tion of a soluble ferment for the removal of the roots of thoao 
teeth which are no longer wanted. These cells perform this 
act in an indirect manner. It is plain that these roots are not 
removed by any mere mechanical force. These cells have no 
physical [lower of gnawing into them. They secrete a soluble 
ferment, or analogous body, which digests them, breaks them 
down, and fits their material for entrance into the blood 
streams by osmosis, just as solid ingesta in the stomach is 
broken down and fitted to enter the circulation by osmosis. 
There seems to be no foundation for the notion that the re- 
sorbed product of these roots may not form pro[)er jrabulum 
for the building up of other tissues; that the abBorl)ed product 
is necessarily excreted. Resorption is not a process for the 
forming of waste products. 

As this process has been pretty closely studied, we will 
examine it a little further. From decay and other accident 
the temporary teeth are very liable to lose their pulps, which 
very often, we may say generally, results in the formation of 
alveolar abscess at the apex of their roots. If such an abscess 
exists at the time the resoiptiou should take place, such re- 
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sorption fails, partially or eiitiruly. The tissue whidi ahcmld 
perfbrtn tliis funetiou is thrown into a pathological state, and I 
the secretion of the soluble ferment does not take place in the j 
normal manner. If, however, the abscess does not oecur, or ] 
if such abscess be cured, and the tissue in immediate proximity I 
to such devitalized root be perfectly healthy, it is found that 
the resorption of the root goes ou in a normal manner, Tlie J 
mere death of the root does not interfere with rtisorptio 
provided a physiulogiual condition is maintained in Uie inim 
diately surrounding cells, which are the aetive agents in the 
work. The soluble ferment does not dopond for its action ' 
upon the life of the tissue to be acted uiion. The roots of tliQ 
teeth are simply digti^ted, and enter the blood streams by ! 
osmosis, as any other digested material. Nothing more, nor 
less. 

DMESTION OF BLOOD CLOT. 

What happens when an iujury occurs, and a blood clot is 
formed within the tissues? la such a blood clot a living sub- 
stance? Certainly that cannot be maintained. Butitbecomes 
organized. How? Certainly the blood clot, as such, does 
not itself become living tissue. 

Tlie process occurring here, by which the clot is removed, 
is similar in kind to that of digestion — is digestion. All , 
around it, the connective tissue cells begin to throw out a I 
soluble ferment, by which tlje substance of the clot is dis- 
solved and begins to pass into the blood streams by osmosis. 
Young cells wander out into the Uqiiejijing clot in all direo 
tiona, grow, and furnish their quota of fresh inurement of 
ferment substance to liquefy the clot. The question as to 
whether any of tlie blood cells (white blood corpuscles) be- 
come connective tissue cells under these conditions, neei 
be argued pro nor con here, for it docs not affect our present \ 
purpose. Certain it is that cells are found growing out into J 
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the clot, and acting very like some of the forma of bacteria. 
Thus, tie clot ia dlgestal and removed, and when it ia gone 
any surplus new tiaaue that may have been formed during the 
activity of the process suffers the same fate. It is, in turn, 
digested and removed. 

DIGESTION OF LIGATURES. 

Of late it has become quite the fashion, among surgeons, to 
use ligatures, for deep sutures, made of digestible material, 
such as catgut, animal membrane, etc. These are left in, and 
it is said they are absorbed. They must be dissolved first. 
They do not dissolve in ordinary liquids, nor do they dissolve 
in pus, or uj^jon pus-forming surfaces, or in the usual plasma 
of the tissues. The surgeon is very careful that they be so 
prepared that they sliall not. He is careful that they are not 
easy of digestion. The " International Encyclopedia of Sur- 
gery" says; "The spontaneou)^ solution of catgut ligatures, 
when set in wounds, is caused, not by any chemical aolutiou 
of tlieir structure, nor by any process of organizatiou which 
tliey undergo, but by the invaBion of liucocytex, under the 
operation of which they vanish, while new tissue takes their 
place; but, if they be over-prepare<i (t, e., rendei'ed too diffi- 
cult of digestion), this change does aot occur, and they act like 
foreign bodies in general." 

Here we see that the ligature does not dissolve in the ordi- 
nary plasma of the tissue, if properly prepared. The tissue 
must approach clo,sely a physiological condition, it must throw 
out certain cells which invade it, as it would be invaded by 
bacteria if they had the opportunity. These cells must thrfnv 
out tlieir special ferment for the occasion, to digest the catgut 
and make room for themselves, as would be done by bacteria ; 
and thus they continue to dissolve out the foreign digestible 
substance and take its place, stimulated to this action by its 
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jircseiire. If, however, the substance is too difBcult of diges- 
tion, over-atimulation results, and instead of the soluble fer- I 
meiit being formed, the cells degenerate, pus forms, and the l 
procvse fails, 

DIGESTION OF SPONGE. 

Let us examine the operation of the sponge graft. In the 1 
sponge, as prepared for this operation, we have a material 
somewhat diilicult of digestion, a material that would be very 
slowly acted upon by the gastric juice. From this circum- 
stance, and the fact of its very minute porosity, it has, hap- 
pily, been selected for the purpose of inducing granulations 
for the filling out of lost tissues. What may have led to tliia 
selection I am not informed. It was probably directed by I 
some accidental observation. The fact, however, is now well ] 
established, that the tissues are stimulated, by its presence, to | 
till its pores with granulations, after which the sponge itself j 
gradually disappears, leaving the opening filled with uew I 
tissue. 

The physiological phenomena may be thus explained; as 
has ViecD said, the tissue is stimulated by the presence of the 
sponge, and granulation proceeds actively. At the same time 
a soluble ferment is thrown out, by which those portions of 
sponge inclosed in the matrix of granulations are slowly di- 
gested and jiass off by osmosis. At the same time, the granu- , 
lationa crowd into the space gained. This process continues 
regularly, until every particle of the sponge is removed, and 
its place supplied by living tissue. I think it will be clear to 
every one, especially to every surgeon, that this sponge does ! 
not diBSolve in the ordinary plasma of the blood, or t 
The tissues are stimulated to an extraordinary proliferation of 1 
cells by its presence. They are also stimulated to the secre- I 
tion of a soluble ferment, suitable for it^ digestion and r&- I 
moval. 
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The same prf)ces9 precisely is called out in the absorption 
of the catgut ligature, which is progressively invaded by leii- 
cooytes, which digest the foreign substance and remove it by 
osmosis, making room for themselves, much as would be done 
by bacteria, and whea tlie ligature is gone we have a cord of 
new Uviug tissue in its stead. Even ivory driven into tlie 
flesh is eaten into, digested, ami portions removed, by the in- 
vasion of leucocytes. 

It will be noticed liere, as everywhere, when this kind of 
di^restion occurs, the tissue is applied directly to the substance 
to be digested, and invades its substance as digestion makes 
ruoin for its growth, so that the tissue is continuously in in- 
timate relfltiou with it, progressively invades it. We do not 
suppose thiit this soluble ferment is pepsin, but a body pecu- 
liar to the connective tissues, formed only in connection with a 
foreign su]>stance. 

We will suggest that the sponge graft offers the most fea- 
sible means of isolating this peculiar ferment. If several 
sponge grafts were placed in suitable animals, as dogs, and 
the animals killed at a proper time, and the grafts immediately 
treat«i in some way similar to that emploj-ed for obtaining 
pepsin from the gastric mucous membrane of the pig, this fer- 
ment would doubtless be found. The process would perhaps 
require to be varied somewhat to suit the different character 
of the soluble ferment. If this soluble ferment could be had 
iu sufficient amount and purity, it would be of some value in 
testing the different substances suggested for ligatures, etc., 
and possibly in ways nut now thouglit of. But the principal 
use of the proceeding would bethe<leraonstration of a physio- 
logical process, and the extension of exact knowledge. Such 
a demonstration would furnish a new basis of fact from which 
thought might radiate to the unfolding of still other facts, no 
less important. 
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NECROSED BONE. 

Take the case of necrosed bone. How is a 
formed, but by the digestion and removal of thut portion 
which connects it with the living bone. Can tliis be accom- 
plished by any of the more ordinary fluids found in the-, 
tissues? certainly not. Then a special menstrimm is formt 
for the purpose of this solution. Formetl where, and by what?. 
Not in some distant part and .sent here, but by the tissues iff, 
immediate contact, acting by virtue of their natural endow- 
ments and the stinuilus of juxtaposition with an undesirabU 
snbstauee. If the tissue could act without undue irritatiuD, 
the act of digestion of the part should occur, and its place' 
be supplied, without the formation of pus. However, thia; 
probably never occurs, except in cases of the death of very' 
small portions of bone. In some cases, however, we believe it 
does occur to a considerable extent. We have witnessed 
of healing of wounds involving bone, which we can explain in 
no other way. In most cases, however, the inflammation runs 
so high, and continues so long, that pus forms, and prevents thft 
physiological action of the cells. These cells cannot perform 
this function from a distance. The ferment substance, if 
formed, is dissipated in the fluids; they must be in juxtaposition 
with the substance to be digested, or at least, no dissipating men- 
struum must intervene, in order that the integrity of the soluble 
ferment may be preserved and applied directly to ils work. 

If this condition can be attained, dead bone will be digested 
and removed. As a matter of fact, we generally find sequestra 
eaten into, here and there, sometimes more, sometimes less* 
These Lurrowings represent points where the granulations, ja 
a state closely approximating healthy action, have 
contact with and invaded the dead bone. If this coudilit 
could be maintained at all points, the sequestrum would 
completely removed. 
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Kraiise (Algeraelne U. Microscopiaclie Anatoniie, S, 74), 
examines the osteoclasts very closely, antl the manner in which 
living bone is removed by thorn. He i.'? of the opinion that 
they furnish a secretion for this purpose, and thinks it con- 
tains lactic acid. He says, ivory driven into the flesh ia 
absorbed by them, and that the osteoclasts are found in the 
pits formed iu it, as in living bone that is undergoing this 
process; aud quotes Kolliker, Billroth, De Morgan and 
Tomes, as authority. These osteoclasts must be formed from 
tlie ordinary connective tissue cells, or leucocytes. Not from 
osteoblasts. 

ACTIOS OF TISSUES. 

Absorption under pressure is in no wise different from any 
other process of absorption. A certain portion of the cells, 
crowded, but not too much, take upon themselves a new 
action and develop a ferment which destroys their neighbors 
less favorably placed. It is well known that under pressure, 
certain tissues are destroyed in preference to others. This 
would be a very interesting field of research, but we have not 
time to enter it in this lecture. 



This we conceive to be the normal action of the tissues of 
the higher animals. How do t!ie lower forms of life differ 
from these? In the vegetative sense, the difference is but 
slight. They differ widely in formative power. In the very 
low forms the cells fall apart instead of aggregating and 
unifying into more complex compound forms. In this sense 
there is a wide physiological difference, but in the matter of 
digestion, nutrition, and the formation of waste products, the 
similarity is very close. 
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SOLUBLE FERMENTS. 
Wn have said enough to indicate the mode of action of* 
baoteria in destroying substances in general, and in cauain) 
disease. Some forms may po.ssibly cause disease by their 
presence, by aggregating into groups and causing irritation, 
like tlie animal parasite*, as the itch mite; but we are per- 
suaded that their general mode of action is througli their 
soluble ferment and the toxic properties of their waste pre 
ducts, to be e.iamined presently. In this manner the hardest^ 
aul>3tances are made to yield; are melted down almost t 
readily as softer materials. Soluble ferments do not depend* 
for their dissolving power upon either acidity or alkalinity. J 
Some are acid, but generally these reactions are not veryl 
marked, and normally seem capable of considerable variation*.! 
They seem to be Nature's solvents, manufactured by the lifefl 
force, and used for the maintenance of the creature. We c 
neither form them, nor tell why they should have such power, I 
We can only examine them, learn their powers, and wonder,! 
at Nature's handiwork. 



PATHOLOGICAL FORMATION OF FERMENTS. 

We have reason to believe, at least to suspect, that soluble 
ferments are often formed in places where they are not wanted. 
Tissue is stimulated to false secretion by various irritants and 
in many ways. It is probable that many of the excoriating 
secretions which we see about the ears, necks, and other parts,. 
in children, are soluble fermenis given out through some mal- 
condition of the tissues. lu this manner much harm is accom- 
plished. We will allude to this again. 

We iiave reason to susirect that in some cases decay of the 
teeth may come about in this way. We have already seen 
that tooth substance is digested and removed by a soluble 
ferment normally formed. Why is not the tissue forminj 
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solublu ferment dissolved by it? The answer is this: Any 
tissue forming a soluble ferment is protected from the action 
of such ferment substance by the life force. This answer is 
very dear, aud is undoubtedly a general fact. But wliat is life 
force ? Here we are more or ies3 bewildered, for the want of 
more exact knowledge. It is well known that the mucous 
membrane of the storaawh of a dead dog is readily digested 
by the gastric juice of a living dog. Not only this; but the 
gastric juice in the stomach will, after death, digest the mucous 
membrane which formed it. In this direction there is a very 
perfect chain of fact, fully establishing the protective power 
of the life force. 

These ferments are, however, constantly brought in contact 
with tissues which do not form them, such as the ducts of the 
glands and other surfaces over which they may be spread. 
This fact might lead to an e.'ctension of our answer. Might 
lead us to say that all living tissues are protected from the 
solvent action of the soluble ferments. 

This statement, however, goes too far. Certainly it cannot 
be maintained that the roots of the temporary teeth must die 
before resorption takes place. 

Again ; the tissues forming the gums and mucous membrane 
in advance of the erupting tooth are removed by this same 
process. It cannot be claimed that they are dead tissues. 
Very many other instances of the same nature might be cited. 
TiicD it is not true that all living lisaues are protected from 
this digestion by the vital principle. Hence, we are driven 
back upon our first statement, i. e,, that aoy tissue forming a 
soluble ferment is protected from the action of such ferment 
substance by the life force. Other tissues are not so protected. 
We may infer that the tissue forming the lining membranes 
of the ducts of glands, and any normal receptacle of such 
a fluid, would be protected from its action, just as the tissue 
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forming the secretion. But it is plain that other tissues are 
not so protected, or, if so protected, that protectiou is In some 
way witlidrawn, under special circumstances. How? The 
nerve foree suggests itself; but this hypothesis presents seriouH 
difGcuIties. It seems much more probable that the explana- 
tion is to be found in the development of the power of form- 
ing the soluble ferment, than in the withdrawal of the power 
of resisting it. In all cases in which I have persnually made 
examination of the tissue udvancetl against resorl)ed surfaces, 
surfaces being removed, I havu found a marked change in the 
general appearance of the tissue. It has taken on the appear- 
ance, more or less, of granulating tissue, and these changed 
cells have received the name of osteoclasts, odontoclasts, etc., 
according to their location and purpose. The fact that this 
peculiar development is the accompaniment of resorption of 
bone, roots of teeth, etc., is universally recognized, I believe, 
by histologists. The inference, then, that this solvent-form- 
ing power is a special development, would seem to be main- 
tained. We conclude that this special soluble ferment is only 
formed under special cireu instances. Physiologically, only 
in ca'se some tissue not wanted longer is to be removed ; as 
bone during growth, and consequent change of form, roots of 
temporary teeth at shedding time, or when some foreign 
substance has been lodged in the tiESue. Pathologically, 
through some irritation or other abnormal condition, the tissue 
is induced to a false action. We can understand tliat the pres- 
ence of a substance, such as a calgut ligature or a sponge, 
should induce some special action of the tissue, through which 
it would be freed from its presence. But how the same 
phenomena should be called into play for the removal of 
parts of bone during growth, for the purpose of rendering 
them symmetrical and perfecting their form, is more difficult 
uf comprehension. Take, for instance, the phenomena of the 
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growth of the lower jaw. In the child of five years its body 
ia short, just loag enough to accommodate the ten deciduous 
teeth. A lengthening of the body of the bone occurs, to make 
room for three large permanent molars on eaclt side. In this 
lengthening the ramus of the jaw is carried back about one 
and a half inches, which, la effect, protrudes the lower jaw 
forward. Now this ia not an interstitial growth of the 
bone ; but the ramus is reaorbcd away from its anterior aspect 
aud built up posteriorly. The osteoclast cells, soluble fer- 
ment-forming cells, are found there, and their effects upon 
the bone may be seen. Their work, in this instance, however, 
ia done quite evenly and smoothly. This is the type of all 
changes of form in the osseous system. It will be seen at 
once that the amount of this work done during the growth, 
formative stage, of the osseous system ia simply immense. 
The head of each bone must be trimmed down to the size of 
the shaft as the bone lengthens, etc. 

By what power is this action controlled? Here we come 
directly upon the unknown. If we say it is through the con- 
trol of the nervous system, we will be brought face to face 
with the symmetrical formation of bones in the fmtus, in 
which the formation of a nervous system has failed, in which 
the spinal canal, or groove, has never closed, is open from end 
to end, aud no trace of nerves is to be found. Yet, such a 
fcetus has, with the exception of the spinal column and skull- 
bones, developed to term, a perfectly symmetrical skeleton. 
After seeing this, the idea that these processes are under the 
control of the nervous system seems untenable. And I am 
free to say that I have no hypothesis to advance, except to 
say that they are under the control of the life force, which, 
I ooufes.s, is no explanation. 
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PARASITES. 
After wliat I Imve eaki, tlie examples I liave given, it 8 
plaio tliat tlie work of these lowly forms of life is to 
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This power of remoleculization of certain forms of matter 
is one of the especial physical attributes of the life force. It 
is the one great power upon which life depends for its con- 
tinued existence. No form of life can continue to exist with- 
out itself exhibiting this power, or borrowing directly from a 
form of life that does exhibit it in a marked degree. (It is 
claimed that certain forms of j>arasUic plants draw from and 
appropriate to themselves food material which has been assimi- 
lated by their host. Even here it is most probable that there 
is a form of remoleculization.) 

Now, in case of parasitic plants, if this rcmolecnlization la 
of such a nature that the results are poisonous to the host, 
disease follows. If, ou the other baud, the results of ihia 
remoleculization should not be poisonous to the host, the only 
harm resulting would be merely from the great crowd of the 
parasitic forms. 

The history of the experiment and observation upon thia 
subject, leaves no reasonable room to doubt that remoleculiza- 
tions occur which are entirely harmless, and that remoleeuli- 
zations occur with the production of the most deadly poisons. 
While everj- imaginable grade between these two may occur. 
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WASTE PRODUCTS, CONSIDERED WITH REFER- 
ENCE TO THE GERM THEORY OF DISEASE. 

In the beginning of the germ theory controversy, Scinvan 
seems to have recognized that carbonic acid and alcohol were 
the excreraentitous products of the yeast plant (Annalen der 
Pharraacie, Band. 29, S. 93 iind 100). Liebig, in opposing 
this theory, alludes to this and recognizes that this conclusion 
would necessarily follow, if fermentation were proven to be 
the result of life force. {Agricnltural Chemistry, page 124.) 
Since this time, however, this idea seema to have been lost 
sight of by writers on tliis subject. Sometimes we see inde- 
finite allusions to it; but there is no definite expression of 
the general law, that all forms of life must have their specific 
waste products, as they are seen in the animal forms. The 
remoleculizalion of matter is continuous with the duration of 
life. The life force is dependent upon the remoleculization 
of matter for ite support. No manifestation of the life force, 
in any form whatever, can be conceived of without this accom- 
I>animent. As the steam engine is dependent upon fire for its 
power, so is the life force dependent upon molecular changes in 
matter for its continuous existence. As steam is dependent upon 
heat for its generation, and the expansive force by which the 
engine is driven, so is matter dependent upon the life force 
for the changes of molecular form through which that life is 
cognizable to our senses. We can have no conception of lifa 
in the material form without the accompaniment of these 
changes. Any other form of life than this must be that spiritual 
condition which is not recognizable by our physical senses 
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themselves ^H 



Ali forma of life are coutinually taking into theniscl' 
fresh increment of matter in some form. This fresh incre- 
ment of matter is converted into other forms, for the support 
of the energies of that life which performed this conversion; 
and when this is accomplished, it mast give way to fresh in- 
crements of matter, which undergo similar rem oleeulizat ions. 
The old must give place to the new. There is uo such thing 
as standing still, except with certain definite provisions for 
temporary inactivity. Otherwise than this, inactivity ia 
death. As new material is added, the old must be disposed 
of, must be cast out, or built up into formed material, where 
it takes no further part in the physiological activities of the 
oi^nism. Continuous molecular change of matter is the 
law of physiological existence. In other words, the remolecu- 
lization of matter is neces,sary to the support of life ; and 
when this remoleculization ceases to be performed by the life 
force, except under the provisions of rest, that life ceases to 
exist. 

As the living form must be supported by fresh increment, 
BO it must give back excrement. Life is not to be supported 
by the continuous remoleculization of the same matter. After 
it has once accomplished its function in the economy, it be- 
comes unfitted for further physiological use, and is disposed 
of in one of two ways. It is either built into fixed material, 
or it is cast out as excrement. In either case it is disassociated 
with the physiological activity of the organism. The sum of 
the excrement, fixed and formed material, must, in all cases, 
equal the sum of the increment. There is nothing lost, nothing 
gained. All increment not present in the organism, must 
have been given back to the outside world as excrement, no 
matter what the form of life. 

There is a general law to be observed in the fopmation of 
excrementitious matters. Liehig, while opposing the life- 
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tlieory of the fermentations, gives expression to thU, as a law 
of all furmpntation. (I translate from Chemisdie Bi-iefe, 6ta 
Auflage S,, 258. " Die Gahmog ist stets in ihrem BesuJtate 
eine Spaltung ernes zusammen-gesetzten Atoms in eine sauers- 
toffreiche und eine sauerstoffarme Verblndung; indem aich in 
dep Alkohol-giirang eine gewiaae Qiiantitat von sanerstolf 
von den elementen des zuokera in dei- form von Kolilensaiira 
trent, erhalten wir den brennbaren, leicht entziindlich aaaera- 
toffarmen Alkohol.") " Fermentation is always, in its results, 
a splitting of combined atoms into a compound rich In 
oxygen, aud a compound poor in oxygen [ so in alcoholic fer- 
mentation, a certain amount of oxygen is divided from the 
sugar in the form of carbonic acid, and we obtain the intiara- 
mable alcohol, poor in oxygen." 

When we compare this statement with what is now known 
of fermentation we find it correct. But we may do more than 
this, for if we extend it so as to cover all life, in whatever 
form, we find that it is still correct; and that it is a law of 
the formation of waste products. For in the animal fornn 
we find as escrementltious prodiiefa the same carbonic acid 
rich in oxygen, and urea poor in oxygen. In the higher 
plants we still find the same carbonic acid rich in oxygen, 
and the alkaloids and ot^nic acids poor in oxygen. Here 
we Bce as the final result of the remoleculizations by the life 
force, waste products anali^ons to those of the yeast plant. 
In other words we find in all forms of life a respiratory 
waste product rich in oxygen^ and an urinary waste product 
poor in oxygen. 

I have already shown that in the physiological sense, there 
is a close resemblance, a certain oneness of plan existing 
among all forms of life in tliG matter of taking food. Now 
it is my purpose to show that this identity of plan is extended 
to all the living forms in the matter of waste products as well. 
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Wliile there are almost unending difFerences of outward cor 
formation there is a coiitinuous physiological samenefis iu ther 
all. While certain cells are endowed with the power of com- 
bination for building wonderful forms, as in mau or in the j 
tiger, in tiie lofty palm or the forest oak, others, not po»- J 
sessing the power of organization into complex forms, fall j 
apart and carry on their physiological processes singly, as in I 
the yeast plant, or the mycoderma aceti. In the unicellular ] 
organisms, all the vital functions, so far as Ihey are different!-* 
ated, are carried on in the single cell; and in the higher 
animals which proceed from the growth and development of J 
some single, and equally minute germ, specialization of funo- ^ 
tion goes hand in hand with specialization of physical form. 
Yet in all this specialization there is uo radical change in the 
functions of the individual cells; nor is the sura total of the | 
physiological phenomena modified in their nature. In the : 
one matter of seeds, we are amazed and confused, by the | 
never ending varieties of form ; but in the examination of ' 
the physiology of seed forms and the awakening of the gerr 
into active life, we fiud each to consist of a germ with the ' 
accompaniment of a store of formed food material for the 
nutrition of that germ, until it has formed the organs for the 
gathering of its own food; and the physiological means of 
using that store is practically the same in them all. If we 
examine the egg, the result is the same. Among the varieties ] 
of form there is but one plan. 

In most cases, apparent new functions, seen as we ascend \ 
the scale of life, consist, when closely examined, of vicarious 
cell action. Not a new function, but a particnlar function ' 
performed for the community of cells, so to speak, by certain 
cells specialized for that purpose; as we have already seen 
in the matter of digestion. We find the s{>ecialization of ] 
muscular fibre for the performance of complex motion through 
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wliich a portion of the cells of the body act for (he wliolu, 
but it is uot a new function, bul, a functioD that has become 
specialized; for in the unicellular forms we have molioti 
without muscular fibre. 

So we might go on showing that the so-called specialized 
functions are raore highly develojied attributes that are to bo 
found in unicellular life. But this is unnecessary. 

Waste products may be dividetl into two classes : the 
respiratory and the urinary. The respiratory product is 
always rich iu oxygen, while the urinary product is always 
comiKtratively poor in oxygen. This distinguishing feature 
remains constant for all forma of life, whether auimal, vege- 
table, or the lower forms, that are so doubtful that some liavo 
thought it well to create for them a separate department. 

The waste products of the animal forms are sufficiently 
well-known. The consideration of them has been entered 
into by every author who has written on the subject of 
physiology; and is therefore unnecessary here. I will, 
however, call attention to some important facts that will 
be of use in the consideration of the variations observed 
in the waste products of some of the lower forms of life. 
There is, perhaps, no part of the animal frame tliat is abao- 
lul«ly constant in its chemical comiwneDts. All are subject 
to variations within certain limits that are by no means well 
defined. So it is with the waste pnxlucte. While they arc 
constant in their general characters, they are subject to varia- 
tions with changes in the character of the footl employed by 
the animal. For instance, if my urine is acid to-day, I may 
render it alkaline to-morrow, or next day, by eating a few 
oranges or lemons. The small amount of the alkaline base, 
combined with the acids of the fruit, is sufficient to bring 
about this change, while the acid itself is destroyed by remo- 
leculization. This instance is doubly instructive, for if we 
6* 



116 



THE GERM THEORY OP DISEASE. 



take into the ecnnomy a simple sulstauce, that substance, if not 1 
thrown out of physiological activity, by being built into fixed f 
or formed mat^;^ial, must appear, in some form, in the wnste I 
products; and in this instance it is found in the form of urate | 
of potassa and urate of soda ; while tiie acid with which it was J 
associated, being dependent on its molecular structure for ttal 
chemical characters, is destroyed by remoleculization. Its f 
component elements appear, but in other inoletular forms. 
Hence, the effect on the waste prodnct is not difi'erent from J 
that which would have been brought about if the alkaline 1 
base alone had been taken. This may be stated as a general! 
law for the organic acids combined with the alkaline b 

All of the excremeutitions products possess toxic, or poison-«a 
ous properties in some degree. If, by Ihe occurrence of acoi-i' 
dent or disease, urea be retained in tlie blood of an animal, ii 
soon presents symptoms of toxiemia, and if the aecuniula 
urea is not speedily eliminated, the animal dies. This is »'l 
general law of the waste proJiicta. No living being can eus-J 
tain life with a large percentage of its waste product retained. J 
in its circulation. Neither can a micro-organism continue to) 
grow after a certain amount of its waste products have at 
mnlated in the menstrnnm tii which it is placed. Urea i 
be regarded as the alkaloid of the animal kingdom, and is i 
analogue of ihe alkaloids of ihe vegetable kivgdom. 

WASTE PRODUCTS OF PLANTS. 
The consideration of the waste products of the vegetable 
kingdom is especially difficult, for several reasons: Plants a 
characterized by the largo amount of their formed material^^ 
as compared with the food material consumed by them i 
their processes of vital activity ; and ihcrefore, the amount » 
their waste products actually exorcled is proportionately sm 
In them, however, other means aro found for freeing Uieie 
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circulating fluids of waste materials, than that of actual ex- 
cretion as seen in the animal forma, which will be considered 
farther on. There is, however, n sufficiently copious esorelion 
of the respiratory waste product, carbonic acid, in plants, and 
in addition to this, oxygen. These are too well known to 
require further comment here. 

There is, also, a true excretory function performed by the 
roots of plants, and by the seeds in the process of germination. 
"When barley, or other grain, is caused to germinate in pure 
chalk, acetate of lime is uniformly found to be mixed with 

it, after the germination 13 somewhat advanced 

In this case the acetic acid must have been given off (excreted) 
by the young rools during the process of the germination of 
the seed." (Vide Johnston's Agricultural Chemistry, 
page 81.) 

This well authenticated fact may be regarded as the foun- 
dation of the theory that plaiita are endowed with the power 
of excretion. It is supported by the authority of Decandolle, 
and the convincing experiments of Miicaire, allhough the ex- 
jjerimeuts of others have shown that this excretion is limited 
to very small amounts of matter. Macaire seems to have 
found opium in the soil in which the poppy plants grew. He 
also found, in waaiiing the soil with pure water, that it yielded 
a considerable quantity of acetic acid and a trace of a brown 
organic matter. 

Liebig devotes considerable space to this, lu his agricultural 
chemistry, with esi>ecial reference to the possible etfccts of 
tiiese excrementitious substances on the rotation of crops. 
Other chemists have also occupied themselves with it, and 
while it has been defiuitcly shown that iu some special cases 
plants may eliminate a sufficient quantity of excremeutitious 
matter to prove injurious to successive generations growing iu 
the same soil, the rule is that poisoning from this cause is not 
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to be ex[>ccte(.l. In many instances, however, it is fonnd timt 
individual plants are poisonous to others growing in thei 
neighborhood. It is rare to see a very lai^e black walnut j 
tree that has not a clearing around it, wherever it may stand 
in the forest. This is not on account of its shade, but some- 
thing eliminated by the tree that is hurtful to other trees. I , 
remember well an effort to raise corn on the south side of a 
row of walnut trees. The experiment was continued for i 
many years. The corn was injured seriously for many feet 
distant, where it was never shaded by the trees. Very many 
such instances are known. Enough has been demonstrated 
to show conclusively, that most of the substances formed in 
the fermentations are also excreted in very small amounts, by 
various plants. Even alcohol and ammonia are formed in 
this way, in small quantities. Although these substanoea, as 
a rule, contain no nitrogen, their chemical construction is such 
as to show their relationship to urea, and leave no doubt that 
they are properly analogues of that product in the animal 
kingdom. 

ALKALOIDS. 
By far the most important corapnnnds to be considered in 
this connection are the alkaloids. These bear the same rela- 
tion to plants that urea bears faj the animal forms. There is \ 
seen in their chemical conformation and characteristic prop- i 
erties a marked relationship; and yet among them is found ' 
a wide divergence of poisonous effects. All jTOSsess, in some I 
degree, the power of intoxication, while a few are the most , 
virulent poisons known. Nearly all are composed, as urea, 
of carbon, hydrogen, nitrogen, and oxygen. In a few of i 
them oxygen is lacking; and in all the nitrogen is in smaller 
proportion than in urea. As we descend the scale, the uitro- I 
gen disappears, the oxygen is increased, and we have the 1 
organic acids and alcohols. All of these are, properly, 
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pruJiicIs of tlio vegetable kingdom, thougli tliey are not all 
excreted. 

Aa we have already seen, the higher plants are marked by 
the apparently small amount of their waste products and the 
large amount of their formed material. The formed material 
presents two very marked characteri.'itic^, which will, perhapH 
be better understood if we designate them as formed material 
and "fixed" material. Then we mayclaaa the formed material 
as that whioh is elaborated and stored away for future use, 
such as the starch, oil, etc., surrounding the germ in the 
aeeds, and in certain organs of the plant, and various other 
products designed for future employment bv the vital ener- 
gies of the organism. The "fixed" material, on the other 
hand, is such as is placed pernnanently beyond the vital ener- 
gief of the organism. Some portions of the fixed material 
may still be of use to the plant by the physical support it 
gives to its organs; as lignin, which forma the stems and 
branches of trees, and the bark, which serves them as a pro- 
tection. They are not, however, of any further physiological 
use to the plant after having once, or a few times, served as 
conduits for the circulating fluids. 

Although waste products may be found in the fluids of the 
plant, as in the blood of the animal, it is in this fixed material 
that we fiud the bulk of these aubstanoes ; and it la here that 
the toxic priDeiple.s are found in greatest abundance. Instead 
of being excreted, thrown out to the outer world, they are 
stored in the dUused cells of the wood and bark, united with 
other waste products in the form of insoluble compounds. 
This fact seems to have prevented an early recognition of 
their real nature, 

Sachs, in his text-book of botany, describes them as "de- 
gradation products, which are no longer useful to the plant," 
and as "secondary products of meta.sta3ia," When we look 
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over Ihc prodnofs tlius set apart by Saclia, we find tlint nearly 
bU of tliein may be aet down at once as analr^ues of the urine 
in the auimals, of the alcohol, the acetic acid, the butyric acid, 
etc., of the fermentations, 

It is to these products that we look for the moat of the 
vegetable aubatances now employed as medicines. The active 
principles of tliese are the alkaloids. Therefore their effect 
npoii the animal economy is well known to medical students, 
and need not be recitetl here. There are many other'snb- 
stances found in the same relationsliip to the vital energies of 
the plant, which are worthy of special consideration, if we had 
the time at our disposal. Tannic acid is one of the most constant 
of these products, and there are a large number of others not 
yet mentioned. We will only mention one other class of 
substances, the coloring matters which remain in the wood 
cells in a fixed condition, as a result of secondary metastasis. 
Precisely similar phenomena are seen in the Micrococcus 
Chromogenes, of which there are several varieties known. 
All such circumstances serve to point us forward in our efforts 
to explain the mystei-iea of nature. 

BACTERIA. 
When we come to consider the bacteria, and the allied 
forms of life, we are at once amazed and astounded at the 
wonderful power they possess in the remohouHzatlon of matter. 
This is one of their especial characteristics. Tliis seems to be 
the form of life in which the largest amount of food material 
ia consumed, and the largest amount of waste products given 
back, with the least building of tissue. The largest amount 
of remoleculization with the least amount of formed or fixed 
material. A whole jar of milk is turned sour, every particle 
of its sugar of milk converted into lactic acid, and yet the 
amouut of the formed material is so insignifiuaut that it re- 
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quires an acute and traiueil observer, provided with the best 
means of search, to fiuti a trace of it. When a email araomit 
of yeast is added to a solution of sugar, the whole of the 
sugar will be remofeetilizetl, ]>roiUifing carbonic add and 
alcohol within a few hours, with, apparently, no increase of 
the yeast. In this instance, however, the yeast has grown, and 
])erforme(l its function of rcmoleeulization, under the most 
difficult circumstances, for the reason that it is deprived of 
the nitrogen necessary for the building up of its cellulose 
and albumen. Under these circumstances the amount of yeast 
may actually decrease, as was shown by Liebig many years 
ago. Pasteur seems to have proven that iii this case the 
young yeast ceila grow at the expense of the nitrogen in the 
old cells, and thus destroy them to such an extent that the 
whole quantity of the yeast is diminished, and the vital 
energies of the plant weakened. This example serves to 
show the wonderful power of these low organisms. 

Then we may take the example of the destruction of the 
dead carcass. The history of the experimentation of the past 
shows conclusively that it does not decora[iose, if protected 
from these low organisms. Yet within a few days it is 
swarming with this form of life, in the presence of which it 
melts away like ice before a summer sun. It is first attacked 
by one form, which consumes and throws out its waste pro- 
ducts as long as it can grow in the continually increasing 
quantity of its own excreta. Then it must give way to others 
that have already appeared ou the scene of action, to which 
the waste products of the first are no hindi'ance. These, in 
turn, very soon give way to still other forms, which again 
reraoleculize the waste pi-otlucts of all the former that may 
retain a semi-solid or a liquid form, with any residue of the 
original carcass that may still remain; and in an almost 
incredibly short time the whole carcass has disappeared. The 
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labors of Pasleur have thrown mud] light upon this subject. 
The fact that the acetic aoid plant will again remoleculize the I 
waste product of the vinous yeast plant, alcohol, and after ] 
that the raucidines will still remoleculize the acetic acid, con- 
verting it, in turn, into other compounds, is full of inatrnction 
for all these processes. Why is it that the yeast plant cannot 
grow continuously in the same menstruum, if proper food 
material be furnished it? It is a well knowa fact that only 
a certain percentage of alcohol can be formed in thia way, 
and that to obtain a greater percentage we must resort to j 
distillation. The plant is choked by its own excreta, alcohol. 
If this could be eliminated the growth of tlie plant could be ] 
coutinued. 

An example of this is found in the bacterium lactis. If I 
lime is added to the solution, lactate of lime ia formed and i 
the excretory product of the plant, lactic acid, is artificially ] 
eliminated, and the plant is found to grow continuously in I 
the same menstruum, as long as supplied with food material, \ 
and lime to fix or eliminate its excreta. The form of excre- 3 
tion employed by the higher plants is artilicially produced. ] 
Thia law of the relation of excretory products to the life that 1 
formed them is universal. It applies with the same force to J 
the micro-organisms that it does to the higher animals, oi 
man himself. 

It would seem that the vegetable world is divided into two ' 
great classes of life forma, and that it is the office of the one 
to build up, and the office of the other to tear down. Of all 
the life forms, the higher plants have the greatest power of J 
structure building, both aa regards quantity, in comparison [ 
with the amount of the material consumed, and as to the J 
actual quantity of structure formed; while, in the lower 1 
plants, the bacteria and their allied forma, exactly the opposite 1 
of tliis is found, in every particular. No other form of lifoj 



"^^ 



BACTERIA. 12;i 

consumes so mtidi in comparison to ttie amount of structure 
built. They are eniplialieally tlie destroyers of organic forms; 
phyaiologically constructed to and for tins end. Yet, tliey 
must digest their food ; if it be solid, or Bemi-s()lid, it must 
be liquefied, in order to be absorbed. Then it must enter 
into the celts by Ihe process of osmosis, and under the influ- 
ence of the life force be converted into protoplasm — albu- 
minoids — into the tissue of the growing plant. 

After this come the waste [irodiicts. How? The cell 
dies? No. This will not esjilaiu the phenomenon. ]f it 
■were the death of the cells, we would find the chemical forms 
of the cells in the waste products. This is not the case. 
Death does not alter the chemical forms. Therefore, ihere is 
another remoIecuUzation for the formation of the waste pro- 
duets; a vital process of shedding out the used material in 
two general forms. The life fore* letting go of the matter it 
has had in its graep, and casting it out as no longer of use to 
it. The formation of waste products is not, in any true sense, 
a process of dying. 

Life resides in matter which it has formed into such molec- 
ular groupings as will suit its purposes, but matter dtKa not 
live. Electricity may be resident for a time in the Leyden 
jar, but such a jar is not electricity. It may be said to lie 
electrified, and matter may be said to be vivified. If life 
dischai^es matter which it has had in its grasp, the act is a 
vital one, and as all changes in matter under the Influence of 
the life force consist in renioloeulization, so does this; hence, 
waste products are always in ditFerent molecular forms fi'om 
the tissues from which they are cast off, though they eoueist 
of the same elements. It is by a vital process, then, that the 
waste products are separated from the living organism, and in 
the bacteria the general laws of physiology remain unchanged. 
Here, as elsewhere, we fiud the definite resj)iratory product, 
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anil the toxio or urinary product, A sufficient number otm 
these have now lieeii atuJied for us to gain some notion * 
them; yet our knowledge is still liailted to a few fornw.J 
among the bacteria and tlieir allies. The best known is the l 
yeast plant.. In this we have alcohol, succinic acid and glyce- 
rine, as tho urinary excrement. The bacterium lactis produces 
lactic acid ; the raycoderma aceti produces acetic acid. These 
names properly represent sa many families, each of which 
contains a number of varieties. Saccharine substances form 
suitable food for them all. Two of them will, however, grow . 
equally well in substances not saccharine. Another forntl 
produces butyric acid; another, a kind of mucus; another,! 
ammonia; while others still, produce as their waste products,-.! 
all of the ill-smelling products of putrefaction. I append t 
table of those best known, iu connection with a table of the I 
waste products of other forms of life, for comparison. 



TABULATED STATEMENT OF THE WASTE 
PRODUCTS OF VARIOUS ORGANISMS. 



Carbonic Acid... 
Oxygen 



ANIMALS. 

...CO, Urea. CHjN.Ol 

Creatine C^H.NjO, I 

Creatinine CjHiN.o! 

Uric Acid C.H.N^Otf 

Hippurio Acid C,H,N, 0,] 

PLANTS. 

...COj Theioe „ C.HjbNiOJ 

O Veratrine C,,H,,N,0*J 

Morphine _ C,,Hi "" 

Quinine Oi«H,«N,0(l 

Strjchnine C„H,,N,o3 

Atropine Ci,H,,NOj 

Piperine CiiHkNO^ 
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RESPIRATORY PRODUCTS. TOXIC PRODUCTS. 

Carbonic Acid COg Nicotine C10H14N2 

Oxygen Coniine CgHjgN 

Curarine CioHjgN 

Tannic Acid C14H10O9 

Acetic Acid C2H4O2 

Citric Acid CsHgOy 

Malic Acid O^R^Os 

Oxalic Acid C2H2O4 

BACTERIA. 

Alcoholic Fermentation, 

Carbonic Acid CO2 Alcohol « CaHgO 

Succinic Acid C4H6O4 

Glycerine C HgOs 

Acetic Fermentation, 
Carbonic Acid CO2 Acetic Acid C2H4O2 

Lactic Fermentation. 
Carbonic Acid CO2 Lactic Acid CjHgOs 

Viscous Fermentation, 

Carbonic Acid CO2 Mannite CeHi406 

Gum C12H20O10 

Tartaric Fermentation, 

Carbonic Acid CO2 Propionic Acid C8Hg02 

Hydrogen H 

Butyric Fermentation, 

Carbonic Acid CO2 Butyric Acid C4H8O3 

Hydrogen H 

Ammoniacal Fermentation, 

Carbonic Acid CO2 Ammonia NH3 

(These two products unite to form ammonia carbonate.) 

Putrtfactive Fermentation, 

Carbonic Acid CO2 Valerianic Acid CgHjoOg 

(Complex.) Ammonia NHg 

Sulphydric Acid HS 

Fat Acids (various eqv.) C H 
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ALKALOIDS. 

Tliore IS, perhaps, no otlior one set of organic com|>ounA 
that have puzzled chemists more than those given in thtj 
table, or that have lieeii and still continue to be of more in- 
terest to the scientific world. The table, as it slands, is ouljj 
intended to give an outline view of these organic matters as t 
cla.ss, by setting before you fairly chosen specimens froDj thi 
different forms of life. It is not intended to be in any wia^ 
exhaustive, but simply a compariaon of these products. Th^ 
similarity of their chemical construction will be apparent at A 
glance, and yet they differ greatly Ju their toxic properties 
Some, as strychnine, are violent poisons to the animal king- 
dom. While others, as some of the acids, are mild irritants 
Most of those from the vegetable world are useful as medt4 
cines, while many are iiiglily prized as condiments. Th( 
members of the acid series vary from the alkaloids in thiH 
they contain no nitrogen, and they also vary as markedly i 
their toxic properties. Their close similarity to the alcofan) 
will be noticed. It wilt also be noticed that some of th^ 
waste products of higher plants are the same as those of lowot 
organisms. This, perhajra, would not bo exi»cted at firs 
glance; yet when we come to consider that all are plants, ' 
should expect a similarity. There is, perhaps, an importaid 
difference to be observed hei*e. The alkaloids of the highei 
plants, from the nature of their mode of excretion, are throw^ 
out of physiological activity, by being combined with the veg- 
etable acids, mostly in the form of insoluble salts, and thuf 
laid away in the " fixed material " of the plant. On the othoj 
hand, the animal alkaloids, urea, uric acid, etc., arc eliminated 
in a soluble condition. In ease of the micro-oi^antsms, thw 
waste products are very generally eliminated in a solubltf 
condition also. There seem ta be some exceptions to tbwj 
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rule, as in tlie chromogenes. To what extent this may occur, 
does not yet appear. 

But the comparatively more abundant waste product of the 
lower forma is of much importance in this coonectioD. Those 
given are from the few that have been best studied. In these 
no proper alkaloids have, as yet, been made out by isolation 
and exact analysis, but we cannot argue, from this cirouni- 
Btance, that none of the lower organisms produce true alka- 
loids. As yet, but very few of them have been accurately 
studied, and these, for the most part, have been those that 
liave been found useful rather thau poisonous. Some exami- 
nations already made show a very near approach to the deter- 
mination of the nature of some of these poisonous substances; 
and although no sufficient chemical analysis has yet been 
made, the action of tlie substances npon the animal economy, 
BO far as trial has been had, go to show the similarity of these 
poisons to the alkaloids from the higher plants. This has 
been remarked by many experimenters, as I shall show pre- 
sently. Therefore, we have much reason to believe that true 
alkaloids, of a poisonous nature, will be isolated at no distant 
day. We have already abundant evidence that poisonous 
properties are developed bya number of these forms. Other- 
wise, how can we account fur the results of the Bacillus An- 
thracis ? How else can we account for sepsis, on the germ 
theory, except to suppose that a poisonous alkaloid is oue of 
the products of the organism ? How else can we explain Dr. 
Koch's results in the production of gaugrene in mice, but to 
supjiose that some product of the remolecnlizations by the 
organisms spread among the tissues of the animals and de- 
stroyed them wherever they went. He foimd that after they 
had once made a beginning, the tissues were always destroyed 
in advance of the growing organisms, without contact. This 
strongly illustrates the idea of the formation of a poison 
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which is thrown out from the organism. Again, in the matter 
of sepsis, already referred to, it has been abundantly shown 
that the fluids contaminated by the micrococci are poisonous, 
when separated from the organisms; thus proving, again, that 
there is an organic poison developed, which is fully capable of 
producing its effects in the absence of the life that produced 
it, the same as is seen in the alkaloids from the higher plants. 
This has taken the name of sepsin, after the order of the 
naming of the vegetable poisons ; although it has not, as yet, 
been properly isolated and examined. 



SEVENTH LECTUf^E. 



POISONS. 

In this lecture I propose to examine more particularly the 
evidence given by experimenters of the finding of tiie poiiiuu- 
UU8 products of micro-organisms. 

Koch, after injecting putrid blood into mice and noting 
tbat a large amount killed by direct poisoning, while a very 
small amount produced disease, says of the first : "No inflam- 
mation can be observed in the neighborhood of Ihe place of 
injection. The internal organs are alao unaltered. If the 
blood taken from the right auricle be introduc«d into another 
mouse, no effect is produced. Bacteria cannot be found in 
any of the internal organs, nor in the blood of the heart, An 
infectious disease has not been induced as the result of the 
injection. On the other hand, there can be no doubt that 
the death of the auiraal was due to the soluble poison, eepsin, 
which has been shown by the researches of Bergman, Panum, 
and various other investigators, to exist in putrid blood. The 
animal has accordingly died, not from an infectious disease, 
but from a chemical poison. This supposition is confirmed 
by the fact that when less fluid is introduced into the auimal 
the symptoms of poisoning are less marked, and are quite 
absent when one, or at most, two drops are injected. After 
the use of such a small quantity of blood, mice often remain 
permanently without any morbid symptoms. But a third of 
them will become ill after the lapse of about twenty-four 
hours, during which time they have remained perfectly 
healthy. The symptoms which are then present are charac- 
129 
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tcristic and constant, and are in no case preceded by any ( 
ttie symptoms of poisoning previously described." 

Tliese ex|)eriments show verj- disiiiictly tliat the ex]>erii 
menter was dealing with a diffusible poison of viruleiW 
character, produced by the organisms, but actiug without 
ttiein, as the alkaloids from the higher plants would act. 

Dr. Sternberg says {page 257) : " It is not alone by invj 
ing the blood or tissues that bacteria exhibit pathogenic 
powers. Cliemical products evolved during their vital acUv- 
ity, external to the body, or in abscesses and iu suppurating,— 
wounds, or in the alimentary canal, may doubtless be absorbt 
and exercise an injurious eSuct upon the animal economv^ 
Indeed, we have experimental evidence that most potet 
IKjisona are produced during the putrefactive decomposition q 
organic matter. The poisons rtsembling tlie vegetable t 
loida in their reaotiona, called ptomains by Selmi, who lira 
obtained them from the cadaver, are fatal to animals im 
extremely minute doses." 

Klebs said, at the luternational Medical Congress i 
London, that the effects of micro-organisms were probabija 
due to fine cliemical workings. Very many of the expert* 
raenters iu this field have spoken io a like manner of their 
findings, all of which go to show that the worker in this line 
nf research soon comes to fee! that he is dealing with a poison 
evolved by the organisms he has under observation. 

Gradle says ([)age 66) : " The successive chemical stages c 
the putrefactive change have as yet been incompletely traced.|l 
The changes which albumen undergoes resemble at first thefl 
process of digestion. It is converted into soluble forra^ 
jiartly peptone, and then split up into leucin and tyrosin. Sub-I 
sequently numerous volatile fatty acids, and various poly-J 
atomic alcohols (phenol, skatol, indol), appear, as well asaf 
host of other substances in traces. Amongst them are a variebf 
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of pnisnnniH agents, especially soma alkaloids (ptninains)." 
Tlie miist con.stiiut bacterial form met witli id putrefaction is 
tlie baeterium termo. Some attempts have been mada to iso- 
late and examine septic poiaons. Tiiis, so far, has only served 
to show more positively the production of poisona and the 
nature of their action. Panum found the poison formed in 
the decomposition of nitrogenous substances was reduced in 
virulence about one-fifth by eleven houra continuous boiling 
of the infusion. This continuona boiling was certainly suffi- 
cient to show that the poisonous effects were not due to living 
micro-orgmisms remaining in the fluid. In this CJise, more- 
over, some flakea of coagulated albumen were found in tlie 
liquid, which upon trial proved to contain a very virulent 
poison. This fully accounts for the loaa of virulence by tbe 
liquid. This experimentation shows that the substance had 
none of the characters of a molecular motion poison deaeribed 
by Baron Liebig ; nor is it a decomposing sub.^nce or a 
ferment, as each and all of these are destroyed by heat, Tbe 
chemical structure of the substance is of a more stable nature. 
There is a sharp distinction manifest between the action of 
these poisons when developed in the animal body by the ru- 
taoleculization of the organisms in situ, and when developed 
out of tiie body, collected and administered separate from the 
organisms. In the latt«r case, the effects produced are similar 
in their geueral character to that of the alkaloids from the 
higher plants, that is, comparatively speaking, they are im- 
mediate. The disturbance is uaiiully manifest within a few 
hours at most ; and if the animal withstands this Immediate 
effect of the poison it returns to health, i. c, all the symptoms 
[laaa away and im disease is produced ; whereas, if the micro- 
orginisms which elaborate the poison are planted in the 
tissues of the animal and grow, there is no such immediate 
poisoning. On the contrary, it remains well for a day or 
7 
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1110(0, am] tiicn the symptoms come on more slowly and grad-' 
uiilly increase in violence usually until death is induced. 
progressive disease is the result iu the one case, an imuiedia 
but transient poisoning in the other. This difference in t 
results of inooulutions made with fluids rendered poisonous h 
the development of micro-organisms within them, and similf 
inoculiitions with fluida containing micro-organisms but with-a 
out flufficient developed poison to produce immediate f 
has been marked by a large number of investigators and ia'l 
now perfectly well known. 

Putrefaction does not always result in the formation < 
virulent poisons. Many timus meats, or meat infusions, die 
rot away, and poisons of a very marked cliaracter cannot h 
found at any stnge of tlie process. This difference must 
explained by the fact that the same micro-organisms have c 
grown in the one as ill the other. If the ortlinary bacteria of 
decomiiosition are accompanied by a form that produces a 
virulent alkaloid as a result of its remoleculizations, the poison 
will be found, otherwise, it will not. Just as in a mass of J 
plants, one, or a few only of the many, will protluce a viru-4 
lent poison, though all grow in the wame soil. Again, as we' | 
have said, the mycodernm aceti will fee<l upon the alcohol 
forraet! as the waste prodnct of the vinous yeast plant. In 
the same way other micro-oiTfanisms may feed ujwn and 
destroy, through their remolcculizations, the poisonous pro- J 
ducts of tho.ge that may have gone before them. Henoe, it igM 
found that septic cadavers are apt to lose their septic charaotetvl 
as decomposition advances. These facts, while they serve b 
illustrate the manner of the formation of poisons, also illu&> 
tralc the extreme complexity of the subject. 
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FARTHER INVESTIGATION NEEDED. 
Many otber instances of a like nature might be bronght 
forward, if time would jiermit, but it is no part of my inten- 
tion to treat this subject exha natively. Some of the casea 
seem to aliow that the poison is of the nature of a local irri- 
tant only, as appears in Dr. Koch's demonstration of the 
bacillus tuberculosis; while many others seem to be general 
poisoDB, with special tendencies to particular organs, as is seen 
in the splenic fever produced by the bacillus anthracis. This 
is Eufficieut to show that there is much yet to be learned in 
tills direction ; indeed, that this work is as yet in its infancy. 
In truth, the work done thus far has been in the nature of 
proving that ot^nisms are regularly connected with the fer- 
mentations and decompositions, a.nd also with certain processes 
of disease, rather than any effort to show how they bring 
about these results. This was uecessary in the first instance, 
Hfl the forerunner of a farther and more complete understand- 
ing of the subject that must come from a closer study of the 
modes through which these low organisms produce their 
effects. It is plain that we cannot know any one of the disease 
germs until all of the products of its remoleculizations have 
been isolated and studied separate and apart from the organism 
itself, as has been tlone with the products of so many of the 
higher animals and plants. I see no other plan by which we 
can ever know the capabilities and all of the possibilities of 
raicro-organisms, in connection with the production of disease. 
In most cases of the discovery of poisonous properties in the 
higher plants, the specific product of the plant in which that 
poison resides has proven itself capable of isolation by the 
means known to chemists ; and the disease- producing poisons 
of the lower organisms will do the same when the effort to 
find them has been prosecuted with sufficient skill and energy. 
As alcohol has been isolated, as the vegetable alkaloids have 
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been isolated, aa the toxic elements of the waste products of J 
auimal life have been isolated, and aa, through this isolation,,! 
the exact properties of these agents have become known to<l 
us, so must sepsin be isolated, so must the poisonous produofca 
of the bacillus anthracis (Aiithracinc) be isolated, eo| must.a 
the poisonous principle of every disease-producing germ be.l 
isolated, and each of these studied separate and apart from ff 
the organisms which produce them; and in each case theirS 
properties must be demonstrated and determined by direeia 
experiment, before they can be said to have beeu aocuratelyfl 
studied, aud that we know their properties and capabilities. f 
This is the recognized means of learning the powers andl 
capabilities of the products of tlie higher plants ami animals. 1 
No one is foolish enough to deny the value, the necessity, of 1 
the knowledge to be gained by this mode of study in the I 
vegetable kingdom. If there has Ireen any truth arrived at 1 
in all the research thai has been given to the subject of the I 
production of disease by the lower organisms, that truth 1 
requires to be extended, and rendered more exact, by the I 
modes of study we have just indicated. 

PHYSIOLOGICAL CHANGES. 

The question, as to whether the nature of the bacteria anil'I 
their allied forms are always essentially the same, is one that is' 
very important to determine. Very many persons seem to think 1 
that the characteristics of this or that orffaidsin may beperma-~m 
nently changed, by temporary changes in the media in which it ii.J 
grown. This is a question of the gravest importance ; and ou^fl 
on which there has, as yet, been very little or no exact cxper^l 
ment. Therefore we have nothing but conjecture; unles 
indeed, we may regard the experiments of Pasteur, in hifl.jl 
eiforts to moderate the virulence of the bacillus anthracis, the-l 
organism of chicken cholera, etc., experiraeuts in this direction, i 
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These, however, certainly cannot be classed as exact experi- 
ments. Yet 80 far as they have scientific value, it is uudonbfedly 
in tiie direction of the maintenance of the proposition thnt the 
nature of organisms may be profoundly change*! by tempo- 
rarily changing the media in which they are grown; for it is OQ 
this basis that we must account for changes in results. Such 
a proposition will, however, require the most rigid proof be- 
fore we can accept it as a modification of the essential nature 
of the products, that will be carried, with the organism, back 
iiit<) the media from which it was transplanted. 

The otiier proposition, that the products of the oi^anism 
rhaitge wUh Ihe vwdia in whieh it is grown, is of a very 
dilferent nature, and much more plausible. We all know 
that our own uriue may be changed fram acid to alkaline, 
by certain changes in diet; tiiat the amount, and to some 
extent, the quality of opium, is affected by the nature of the 
soil in which the plants are gro\Tn. Slill it does not appear 
in these cases that the essential features of the waste products 
are more than modified in some uuimporlaut particulars. 
The urine will stilt furnish urea, and the opium will still 
furnish morphine, although each will, possibly, furnish their 
characteristic product in diminished quantity. But in either 
case, the original character of the product will be resumed 
with the resumption of the original diet. 

One would scarcely expect the yeast plant to produce a 
nitrogenous alkaloid when grown in a pure solution of sugar 
or starch, containing none of Ihe element nitrogen. So an 
organism whose normal habitat is nitrogenous cora[>ounJs, 
ami whose waste products are nitrogenous, if transferred and 
found to grow in pure starch, would certainly not produce a. 
nitrogenous alkaloid as a part of its waste product, while 
growing in the starch ; yet I would expect it to again produce 
the nitrogenous product if replaced into nitrogenous matter; 
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if, iiiileed, the plant retaineJ sufficient vitality to pei-forra its I 
functions. The material for the formation of the \yastel 
product must be present in the food, otherwise it cannot bel 
formed. Agiiin, it may be that the remolecuiization will I 
be different in foods of a different nature, even though the I 
elements be all present. Dr. Miller informs us that, iu his I 
experiments, he has found that the baeterium laclis protluced 1 
no acid when grown in soup; but when a little sugar or I 
starch was added, the lactic acid was promptly formed. He I 
gives ua no intimation of the nature of the waste product of I 
this organism when grown iu the soup not sweetened. This I 
however, serves to show how the waste product may be I 
changed, temporarily, by changes iu the nature of the food. I 
That changes of this nature may occur in a large number of I 
the low forms of life seems not only plausible, but probable. I 
But that this will affiict the nature of the organism jjernia- I 
Dently, is another question; aud one that will require much. I 
experiment to prove satisfactorily. I 

MANNER OF ACTION. 

How can these low oi^auisnis produce disease? This ques- 
tion is being asked by many of the thinking men of the world i 
to-day. Men seem to be at a loss for a reasonable answer; | 
such an answer as will satisfy the miud that is earnestly seek- j 
ing an explanation of the phenomena desci-ibed by such ex- ] 
peri men tulists as Koeh and Pasteur. These men have not J 
answered it. They tell us what they have found ; that certain J 
phenomena invariably follow the introduction of certain gernis I 
into the bodies of animals; that certain germs produce certain I 
diseases. How do they accomplish this? what is their modus I 
ojierandi? This question must have a reasonable answer bo- ! 
fore the germ theory of disease Ciin find a firm basis in the j 
minds of the masses of men. The days of hocus-pocus have J 
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passed away from the me<.lical profe'ision forever. A few men 
may take tliese things on faitli, and wait for time to develop 
the rational answer, but the many will wait, and watcli for 
farther developments to point out a reasonable and philosophic 
answer, before they will accept this theory without reserve. 
Can such an answer be given with our present knowledge of 
the subject? If it be required that every step be proven by 
actual demonstrated fact; if reasonable circnmstautial evi- 
dence be not admitttiil, only a few eases can be clearly made 
out. But on tlie other hand, if the physiology, as previously 
explained, be accepted, the manner of the production of dis- 
ease becomes clear. I should not insist that the poisonous 
substance must, in every case, be an alkaloid. But it must 
be an oi^nic compound closely akin to an alkaloid. To say 
that these organisms produce disease, simply by their presence, 
is not a sufScient explanation. We all know that their pres- 
ence is not, in itself, a sufficient cause; for if this were so, one 
organism would be as potent as another. And we all know, 
who have had any experience in 'the examination of these 
forms, that many of tliem are without auy evil effect what- 
ever; that wounds in the mouth and elsewhere heal readily 
and perfectly when covered with them. We also know that 
the great majority of the higher plants are innocent of any 
evil effect upon the human system ; and it is perfectly reason- 
able that we should find the same differences to exist among 
the lower plants. Many kinds of plants grow H^elher with- 
out injury to each other; but plants are found tiiat destroy 
their neighbors by the poisonous effects of their wastfi pro- 
ducts. Then it seems plain that the differences must be found 
in the ]ieculiar products to which the particular organism gives 
rise. These we have already sufficiently explained. We have, 
also, sufficiently explained the modus operandi, in the de- 
traction of organic substances in general. They are simply 
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moiwulizoil, ns uiiy otiier food material is rcmokculizcd; 
notliirif; more nml nolliing less; and it is in Ihe cJiemical re- 
orgiininilioii of tiio elements for tlie formntton of the waste 
jtrtHlucIs tliiit iMiisons are evolved. 

It MK-ms [HTfi'ctly mitural lliut in this reraoleculization there 
phoiild often he u residue that escapes digestion; as is seen io 
the Bo-eallcd rotting of wooil and many other suKstances. It 
in not probnble that one organism is capable of the complete 
dentriiction of siicli substances; but rather, that many are 
CTUieerned in the work. 

1 may Iw permiltoti to make a suggestion in regard to the 
cnnse of the diftyriuice, tlmt is so often noticed, of the com- 
])ai-ntlvc liahility of difiei-cnt persons to attacks by these 
oi^iniNms. Several iwrsona receive wounds. So far as can 
be seen, their chances for a speedy recovery are equally good; 
but some of tliese develop sepsis, while otliei-a do not. Now, 
mucli of this ia explaini-d by the fact that we are unable to 
jH'rccive the entrance of these oi^anisms, and they may gain 
aflmission to tlie one and not to the other, and we be none the 
wiser until we find tlinl ^cjisis is established. This Is always 
n poBsible cxplanalion, for the history of the experimentation 
on ihis subject shows full well that we have not, even yet, 
learned to prevent the ingress of these germs wilh absolute 
certainty. Yet over and above all of this, there is a certain 
residue of cases that show that diUcrent ]>erEonE are liable in 
dilferent degrees to sejffiis. This has been noticed ever since 
there was such a profession as medicine, and the class of 
patients to which it rcfei's have been pretty closely defined. 
They are those whose powers of life have been weakened, by 
whatever cause. This is said to be the resistance of the 
tissues to tlie invasion of the organisms. How do they 
resist? Now, if we accept tho explanation of the formation 
"gestJve bodies, as previously explained, this eupposi- 
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tioii beuuiiies tenable. Wben an organism or spore of an 
organism falls upon a cell or naked granulalinn of a wound, 
and finds there the couditinns Buitablc fur its development, its 
digestive body ia at once thrown out for the preparation of 
its food material which exlsl^ in tbe tissues with which it is 
8urrouud«l. This digestive substance proves irritant to the 
cell upon which the germ has fallen. This irritation excites 
the cell to throw out its peculiar digestive body for the 
removal of the irritant with which it is beset. Here we get a 
glinipse of the antagonists. It is cell against cell; digestive 
body against digestive body, A contest has begun. Which 
will win? The stronger, of course. If the man be vigorous 
and healtby and his tissues highly endowed with the enei^iea 
of life, the chances are this much in his favor; bitt if, on the 
other hand, his powers of life be at a low ebb, if his tissues 
respond to irritants but feebly, then the chances are, this far, 
in the favor of the intruding organism. In the first case, the 
cell upon which the intruding germ has fallen responds 
promptly to the irritation ; a substance calculated to free it 
from the effects of the intruder is formed and [xinred out 
npon it and meets the digestive body of the intruder, hinder- 
ing, dissipating and nullifying its action. In this way the 
intruding germ is, in many cases, possibly, overcome and 
driven out. In the opiwsitc case, where the vital jMJwers 
are at a low ebb, the response to the irritation is, iMjrhaps, 
very sluggisii, the digestive body is poor in (quality and 
scanty in quantity, and the intruding germ has an easy 
victory. 

If we suppase that the intruder is a spore, a seed, with a 
store of food material laid up within its shell, the case is not 
diffeitiut essentially. Tbe history of the experiment on this 
subject shows that during this process excretory proilucts are 
thrown o£f, and these may prove dlreut irritants tluit will 
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aronao tlie resistant energies of the tisanes. Surely, if the 
tissues arc capable of furming, by reason of irritation, ; 
secretion that will digest a piece of ivory that has been thrust ( 
into the flesh, which has been proven by direct osperim 
we should expect this kind of resistance to be offered to the j 
development of di.sease-produciiig germs. 

Facta of a very decisive nature bearing on this point have 
been brought to light by Dr, Sternberg, in the following | 
experimentation, which I quote : — 

" If ws add a small quantity of a culture-fluid containing j 
the bacteria of putrefaction to the blood of an animal, with- 
drawn from the circulation into a proper receptacle, and ' 
maintained in a culture-oven at blood heat, we will find that j 
these bacteria multiply abundantly, and evidence of pntre- j 
factive decomposition will soon be [lerceived. But 
inject a like quantity of the culture-fluid with its containing I 
bacteria into the circulation of a living animal, not only does | 
no increase and no putrefactive change occur, but the bacteria 
introduced quickly disappear, and at the end of an iun 
two the most careful microscopical observation will not reveal j 
the presence of a single bacterium. This difference we ascribe! 
to the vital properties of the fluid as contained in the vesselsi 
of a living animal; and it seems probable that the little I 
masses of protoplasm, known as white-blood corpuscles, are I 
the essential histological elements of the fluid, so far us any J 
manifestation of vitality is concerned. 

The writer has elsewhere suggested that the disappeara 
of the bacteria from the circulation, in the experiment above I 
referred to, may be effected by the white corjiuscles, which, it A 
is well-known, pick up, after the manner of amuibaa, any par- 1 
tides, organic or inorganic, which come in their way. And I 
it requires no great stretch of credulity to believe that they I 
may, like an amceba, digest aad assimilate the protoplasm ofj 
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tlie cajitureil Ijacteriiim, thus putting tin end to the po; 
of i(3 doing any harm. 

In the case of a pathogenic oi^anism we may imagine that, 
when captured in this way, it may share a like fate, if the 
captor is not paralyzed bt/ some polenl poison etiolved from it 
(the italics are mine), or overwhelmed by its superior vigor 
nud rapid mulliplicatiou. In the latter event, the active career 
of our conservative wliitc corpuscle would be quiekly term- 
inated, and its protoplasm would serve as food for the enemy. 
It is evident that in a contest of this kind the balance of 
power would dcfiend upon ciroumstances relating to the in- 
herited vital characteristics of the invading parasite and of the 
invaded leucocyte." 

In these paragraphs we have tliG Btrougest evidence of the 
truth of the supposition stated, of the nature of the combat 
between the tissues or the white corpuscles of tiie blood and 
the wauderiiig cells for the tissues, on the one hand, and the 
invading organisms on the other. The writer, though not 
intending to put forwanl his own experimenlation in this 
work, may say that he has also seen strong evideuce of the 
truth of this in tissue taken directly from man to the warmed 
stage of the microscope, in which the wandering cells were 
found loaded with micrococci, which in many instances seemed 
to be destroying the cells. Some were motioulet« aod filled 
to overflowing with the organisms, with little chains of the 
micrococci extending from them, while others containing 
but few of the organisms exhibited their usual motions. This 
phenomenon may occasionally be demonstrated in the peculiar 
granulations which are sometimes found under plates for 
artificial teeth, where the gums have taken on a bad condi- 
tion. 

Dr. Knch has also seen micrococci in the white blood cor- 
puscles, under circumstances that indicated that the blood cells 
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were beiug destroyed by them. He says: "Tlioir relation 
to tlie white blood corpuscles ia very peculiar. They iieiietrate I 
into these and multiply in their interior. One often finds 
that tliere ia hardly a single white corpuscle in the interior of J 
which bacilli cannot be seen. Many contain isolated bacilli 
only; others have thick masses in their interior, the nucleus 
being still recoguizuble; wliile iu others the nucleus can no ! 
longerbediatiuguisheJ; and finally, the corpuscle may become | 
a cluster of bacilli, breaking up at the margin — the origlD of I 
which one could not have explained had there been no oppor- 
tunity of seeing all the intermediate steals between the iutect I 
white corpnsclea and these masses." 

With these facts before us, and with the plain teachings of J 
the relations of the life force to matter, aa exomjilifiw] in the f 
phenomena of digestion, nutrition and the formation of waste | 
prodiiets, it seems to me we must not fail to gain an under- 
staudiog of these processes. The cells attacked, either digest J 
the invading germs, or the invading germs digest them. And 1 
here, as everywhere else iu nature, the stronger will be the [ 
victor. In other cases, as in septictemia, the excretions of the | 
bacilli do not seem to pntduce such marked local lesions, bub 1 
tiic waste products of the organisms are absorbed and act the I 
part of a diffusible poison, producing the general symptoms | 
manifested in these oases. 

Again, the history of cases shows that sejMis is most liableLi 
to occur in tlie early time of the healing of wounds; at a time 1 
when the tissues may be supposed to be still suffering from | 
the effects of the shuck. In this case it must be sup[>usc(l ] 
that the tissues are uot so well able to contend with the 1 
intruding germs as they arc a^erward, wheu the process of 1 
granulation is going forward vigorously. 

We have also experimental evidence establishing this point. I 
Souuensohein found that certain bacteria with which he wim 
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experimenting failed to grow in the tissues of an animal. 
Believing, from the results of previous experimentation, that 
sepsin injected with the bacteria favored their development, 
and having found the effects of sepsin similar to that of sul- 
phate of atropia, he injected a small amount of that drug with 
the organisms and found that, under these conditions, they 
grew and produced sepsis. It is difficult to see how the sul- 
phate of atropia could aid the bacteria otherwise than by 
paralyzing the tissues temporarily, preventing their resistance 
until the organisms had established themselves. A number 
of other experiments have developed facts of a similar nature. 
Gradle says, page 123, " We do not know whether putre- 
factive bacteria exert any direct influence upon the exposed 
tissues. Even if that be not the case, the products of decom- 
position which they engender irritate the wound in an unmis- 
takable manner. This is seen in the redness and sensitiveness 

of the margias of the wounds These bacteria 

are always overcome by the tissues." 

INFLAMMATIONS. 

The question as to whether we ever have the formation of 
pus without the presence of micro-organisms, has been much 
discussed, pro and con, of late years, by men standing high 
in the medical profession. It has even been contended that 
we never have inflammation without them, notwithstanding 
the well-known effects of the blister and the mustard plaster. 
Did it ever occur to any, that in the blister and the mustard 
plaster, we are making use of an irritant that has been pre- 
pared for us by the life force, and is, to say the least, closely 
akin to the irritant that we would expect from the disease- 
producing organisms? But have we not mineral irritants, 
and may we not produce inflammation by their use? Is not 
pus a result of inflammation ? I am not unmindful of the 
fact that there are several theories explaining the production 
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of pus; uutl that pus does occur uiiiler some conditiuiif 
which the presence of iiiflararaatioii, at any time previuut 
its formation, is extremely difBciiIt of jlem on strati on. Yet I 
I am of the apiuion that there are very few surgeons to-day J 
who do not regard the formation of pus as one of the resulla I 
of inflammation, and who will not naturally expect the I 
formation of ptis to result in case of prolonged and intense I 
inflammatory action. 

Still, the formation of pus does not necesaariiy occur : 
result of every severe inflammatory state; and some ret'eut I 
experiments by M. I, Straus and others, in both France and I 
Germany, seem to show that pus will not form in inflammatJoD J 
artificially excited, if micro-organisms be excluded. Other I 
experimenters have had other results, and the question is not I 
yet settled by the experimental method; and we might with f 
some reason say that it cannot be so settled, until the meLhodS'l 
of experimentation approach more nearly perfection than they I 
seem to be at the present time. 

However, just so long as we regard the formation of pug I 
to be a result of inflammation, must we expect that pus will j 
be formed without the presence of micro-organisms. If lliia I 
is not t!ie true explanation of this phenomenon, if future I 
developments should demonstrate that these two processes are I 
nut related to eaoli other as cause and efleut, then it may, I 
. possibly, be shown that pus cannot form without the presence I 
of micro-organisms. 

At the same time it must be admitted that the formation of J 
pus is generally accompanied by the development of micro- \ 
organisms, and that their presence facilitates pus formatiou. j 
This is clearly the result, not of temporary, or a single appli- 
cation of an irritant, but of the continuous irritation by the ] 
secretion or excretion continuously given out by the organ- I 
isms ; aud we have uo reason, that I know of, to suppose that 1 
the result would he nuicli diilereiit if the same products of "j 
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these life forms could be gathered and coDtinuously distributed 
in the tissues artificially. 

In many of Straus' experiments, and others of this class 
referred to above, agents were introduced that evidently 
paralyzed the tissues, and as pus formation is a vital act, it 
was necessarily prevented. Every such element must be 
rigorously excluded from our experimentation before the 
results can be depended upon as conclusive. 

BLOOD DISEASES. 

The production of disease, however, is not limited to in- 
flammation and pus formation. Many of the diseases now 
supposed to be parasitic in their causation are not essentially 
inflammatory, but are known as systemic or blood diseases. 
This class of diseases are not caused by any simple irritant, but 
by some toxic element developed by the organisms. As to 
what this toxic element may be we have only conjecture, but 
after what we have just said in reviewing the waste products 
of the various life forms, this conjecture is a close approach 
to knowledge. The elements of the compounds are pretty 
certain to be written C H N O, in varying equivalents. It is 
possible that the N may be left out of some, or that the O 
may be left out of others. But this is not very probable. 
We know enough of the alkaloids, to know that they may 
become a potent cause of disease, if developed continuously 
in the blood or tissues. 

It may be said that we know of no alkaloids that will 
produce the effects shown in the diseases that we see 
around us. This is very true. A few years ago we knew 
of no alkaloid that would produce the effect of woorara, or 
quinine, or atropine, or strychnia; and when we have dis- 
covered others, and have learned their effects, they will be as 
easily understood as those now known to us. That systemic 
disease may result in this way, is not only possible, but it 
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seems very probable that tliis will be the final sol 
the prublera. Indeed, we may say that from all tha 
known, this seeraa certain. But it is not from the forcuatJoo.! 
of the alkaloids alone that we will find these effects produced.] 
The organic acids wiU be found to have their share iu th&l 
work; also various irritants, and the digestive boilies de-l 
vcloped by the organisms. It will be found that all of thesel 
products are formed together and do their work togotherJ 
pi-oduciug the complex results that wc see in the complicatajl 
forms of disease so frequently met with. 

While the mere physical presence of organisms will i 
case account for the effects ascribed to them iu tlie production 
of disease, they cannot be entirely ignored. When liacteria 
or micrococci are gathered together in gronjis and largoij 
masses (zooglia) in the tissues, they will certainty have sorael 
evil influence by their mere presence in such situations,! 
es])ecially when this happens to be iu important orgaus. f 
Also, the fixed material laid up in these cells may, after thai 
death of the organisms, have its iuSut:nce. But I am per-1 
Kuadcd that neither of these causes is the potent factor in tlie I 
j)rodnctinn of disease. 

I would not have you suppose, however, that we can have<| 
no disease without micro-organisms. Man may be abused t 
the life forms around him, and man may abuse himself, h 
may eat too much good food and suffer in consequeuco. HaJ 
may injudicioasly expose himself to the inclemencies of the! 
weather, and start serious infiamniation of important organs.! 
He may exhaust his energies by overwork, and suffer all tha J 
consequences that aucemia brings in its terrible train. Hel 
may suffer from faults in the physiological activity of his I 
owu tissues, from neoplasms, as cancer sarcoma, lipoma, and J 
very many other affections that the micro-organisms 
e to anawei" for. 
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DENTAL CARIES. 



ITS RELATIONS TO THE GERM THEORY OF 

DISEASE. 

Many theories have been advanced, in times past, to account 
for caries of the teeth. Most of these have been vague and 
indefinite, and have passed away with ihe advance of time. 
About the beginning of the present century the vital theory, 
as it was called, was prominent. By those who held this 
theory, caries was supposed to result from an inflammation of 
the structure of the dentine, which terminated in the final 
breaking down of the part ; and as this structure is incapable 
of physiological repair, a cavity was the inevitable result. 
This theory seems to have been very thoroughly disproved by 
the following considerations. It was observed that artificia 1 
teeth, constructed of ivory, bone, sheep's teeth and human 
teeth, were as liable to caries as the natural teeth ; and that 
this decay was, to all appearance, the result of similar, if not 
precisely the same causes. This, of course, could not be the 
result of vital forces existing in the structure undergoing the 
process of decay. The conditions of the decaying portions 
were very closely studied, to see whether or not anything 
could be discovered that would show that these processes were 
essentially different from each other. Some differences were 
found, but the more they were studied the more evident did 
it seem that these differences were not of such a nature as to 
show that the processes were in any wise distinct from each 
other. These studies caused the abandonment of the vital 
theory; for, if dead substances decayed the same as living 
ones, the forces which bring about the result must be other 
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than tlie vitality of the suffering organ, aim therefore cannot 
be the result of inflammation ; it must he some force external 
to tlie tootli, something which attacks the tooth from without. 
This point seems to have been very thoroughly established, 
and we supposed it was well settled ifl the minds of all 
modern tiiinking men. But, curiously enough, the old notion 
baa recently been revived by certain gentlemen in New York, 
The eSbrt to maintain sut^h an hypotliesia, however, must 
inevitably result in failure; for in it there is a plain waut of 
consideration of the 4tnown facts of the subject. It need not, 
therefore, detain us longer. 

Caries of the teeth has been defined as a molecular disint«| 
gration of the tooth's subslauce, or a breaking down of th( 
chemical constituents of the tooth, molecule by molecule. 
This destruction always has its beginning on the surface of 
the tooth, or in some pit, crevice, or other imperfection in ths, 
enamel. And it spreads from this point, as the focuSj 
every direction, the dentine being destroyed more rapidljfl 
than the enamel ; hence, it usually happens that the cavity is 
larger within than on the surface of ihe tooth. Caries does 
not Bcem to be a simple solution of the tooth's substance; 
sometimes we find nearly all of the material removed from 
the cavity, in other cases we find the dentine reduced to a 
pulpy or semi-gelalinous mass, in which the structure of the 
dentine is more or less perfectly preserved. Some decays are 
white, some are black, some have a yellow tinge — all tha I 
shades from white to black may be found. But it was ni 
my intention to give a lengthy description of Ihe results ( 
caries, but rallier to confine myself as closely a 
the discussion of the probable cause of the ailection ; I r 
probable cause, for I do not assume that the cause or cauf 
lire certainly known. Indeed, we may say that at the p 
time there is the greatest disagreement among even the b 
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informed men on this important subject ; and that it is still 
very uncertain that any of the theories in regard to the matter 
are correct. It is proper that I should say, however, that 
more than one of these explain the phenomena with sufficient 
accuracy to be of great value, both in the prevention and 
treatment of this affection. It must not be supposed that a 
theory must be absolutely correct to be of use. Theories are 
usually contrived in the effort to explain phenomena, and it 
often happens that a false theory leads to as good an applica- 
tion of means to ends as the true one would do. Of this, 
however, we can never have any assurance; therefore, as long 
as there is a reasonable doubt the search for the truth should 
continue. 

The theory for the explanation of caries which has received 
the greatest attention and the widest recognition in modern 
times, is what is known as the acid theory. This theory seems 
to account for the phenomena more perfectly than any other 
that has as yet attained prominence in the minds of thinking 
men. As a working theory, a basis upon which to found 
principles of treatment, it has undoubtedly been the means of 
good. Yet, in the scientific aspect of the subject, there is 
much objection to be urged against it. A very large amount 
of work has been done with the view of demonstrating the 
absolute truth of this theory, all of which must be regarded 
as a failure, so far as the attainment of that particular object 
is concerned. The labor has not been lost, however ; but, on 
the other hand, has been of immense value. It is this labor, 
the basis of fact which it has brought to light, that will be of 
most service to us in the building up of other theories for the 
explanation of the phenomena, which may serve us usefully, 
until such time as theories shall be displaced by demonstra- 
tion, the goal to which we are all looking forward. 

According to the chemical theory, the substance of the 
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tooth IB (locotuposed by an add ; tbis acid acts more readil/'l 
on dentine than upon the enamel, therefore the tendency tou 
the enlargement of tlie cavity toward the internal portions o 
the tooth. Some writers, as Dr. Watt, have attempted ttrl 
define the acids thns acting, and to divide decaj 
classes, according as this or that acid is active in its produo- 
tion. The acids that have been thus pointed out are: Nitrittj 
acid (white decay), Sulphuric acid (black decay) and Chloro? 
hydric acid (intermediate colors). 

Most of those who have written on this subject, howeveM 
have been content without specifying the particular acids e 
delii]it«ly; while some have been of the opinion that thca 
particular acids have little or nothing to do with the i 
and seek to show that other acids are more likely to do tin 
ugly work. 

The origin of the acids which produce caries has been i 
subject of much inquiry. A great amount of labor has beeitV 
bestowed upon this point. It has been supposed that thftj 
saliva contained it, and very careful examinations have beeicfl 
made in this direction, which have contributed to onr know^ 
ledge of this secretion, but have thrown very little light oii< 
the point in issue, other than to demonstrate that the caui 
of decay is not to be found in this direction. It has bI]owitI| 
that decay occurs in mouths in which the saliva is habitualljKi 
. normal; and that decay does not occur in some mouths i 
which the saliva is habitually acid. 

The hypothesis that the acid is furnished upon the spol^a 
through the decomposition of the food lodging between th( 
teeth, or in crevices and imperfections in the enamel, sceini 
much more feasible, and gives a much more satisfactorj 
explanation of the phenomena. According to this hypotbeeia, 
the acid is formed in juxtaposition with the portion of thi 
tooth sufFeriug from its effects, even within the cavity itself^ 
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while the general fluMs of the raouth may be neutral, or 
even alkaline. 

Tlie manner of the prodaction of this acid has been a 
subject of much inquiry. All, I believe, atlmit that it must 
come in some way through fermentation or decomposition ; 
at any rate, through a romolcculization of the substances 
lodged about the teeth. This leads directly to the discussion 
of the much vesed question of the fermentations and de- 
compositions, and the relations of the life force thereto. The 
research of the lost few years leaves but little doubt on this 
point. These processes are the result of the activity of living 
organisms. The teachings of Liebig on this subject may now 
be regarded as disproved. Witli this point eettled, the old 
acid theory glides easily into the new germ theory, and we 
may recommence our studies from the new standpoint we 
have gained, carrying with us all the facta that have been 
developed to guide us on our way. 

In the study of tliis subject many new questions spring to 
the front, and demand a hearing. Most of these have been 
discussed in a former lecture; but it now remains for us to 
study their application to this particular subject. Before 
doing this, however, it will be well for lis to make a hasty 
review of the discussions that have been had in comparatively 
recent times on this point. 

THE GERM THEORY OF CARIES. 
Who may have first suggested that caries of the teeth is 
caused by living germs, I have no detinite knowledge. The 
first work of importance upon this subject was by Lieber and 
Rottenstein, in Germany, which appeared in 1868. These 
gentlemen, in the prosecution of tlieir studies of this question 
came to the conclusion that caries must result from the 
itivity of micro-oi^anisms through the production of acids. 



I 154 THE GEBH THEORY OF DUSASB. ^H 

This acid was, of course, i>rodiiced in the process of fermciit»-^| 
tion; but in the light of the developments of the last few 
years, their observaUona seem vague and very iudefinite. 
They attributed this result to leptothrix bucculis. The ob-.^^ 
servations ujhmi which their views were baseil were given b^^| 
length; so that we are able to follow them through all tlieii^^l 
operations, aud from the care with which these were con-^^ 
ducted, judge of the merits of their deductions from them. 
When we pass their work in review carefully, we must admit 
lliat it Is wanting in that extreme care that is necessary ib^h 
investigations of [his delicate nature; especially la thia tld^H 
case when we examine the work in the light that succeedii^^H 
years have thrown upon investigations of this class. In fiUil^^l 
the modes employed in such work have been completel]^^| 
revolutionized since this work appeared; and as the g«neru^| 
nature of such work has been discussed in a previous lecture, 
and its progress de.scribed, it ueeil not detain us now. 

Notwithstanding the evident errors of the work of Lieber 
and Hottenstein, it undoubtedly made a deep impression on 
the thought of the dental profession; and this question has 
not been lost sight of for an instant. While the opinions 
given were not accepted, and were, apparently, quickly dis- 
proved, it lent an impetus to the study ; and though do great 
work has apjieared, it has been progressing in an intermittent 
way, until now the profession seem to be ready to receive any 
work on this subject that will bear reasonably rigid criticism. 
Such a work is, fortunately, now ap[)earing, from the peu of 
Dr. Miller, who, though an American, is working in the 
labt)ratory of Dr. Koch of Berlin. Dr. Miller is, fortunately, 
in the very best position possible for the performance of this 
diEBcult form of investigation; and the papers that have 
already appeared from his pen give much encouragement that 
lie will succeed in working out this subject, aud in giving us 
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the underlying facts that have so long enshrouded the cause 
of caries of the teeth iu mystery. 

But iu this we are anticipating. There is another work 
which demands examination before we pass to this. The 
views of Dr. Watt have received much commendation in this 
country, but not so in the old. There, other men have been 
prominent, and we find that while they have agreed in the 
main, there arc important differences between them. A-s we 
have said, Dr. Watt has maintained that decay is caused by 
the acids, nitric, hydrochloric and sulphuric, with possibly 
others. In Europe the influence of these particular acids 
has been very generally denied ; and the results attributed to 
other acide, as the lactic, acetic, and the group known as the 
organic acids. Among those that have examined this subject, 
none, perhaps, have attained a wider hearing than Magitot, 
of Paris. This gentleman published a work on this subject 
in 1868, in which he makes an extended examination of the 
subject, arriving at the conclusion that decay is caused by 
acids. These acids, however, are derived from the saliva 
through the process of fermentation. Dr. Magitot instituted 
a long series of experiments to determine the effects of the 
suspected acids on the teeth. This series of experiments show 
that most of the organic acids act very feebly on the teeth 
in the proportion of one to one thousand of water; and that 
iu the proportiou of one to one hundred they act quite 
energetically; so that the teeth submitted to their action will 
be completely decalcified within a few weeks or months. 
Most of this series of experiments were continued, however, 
for two years. The conclusion seems to be that caries may be 
produced by any of the group of acids that may be developed 
by the fermentation of the saliva; these are the lactic, acetic, 
butyric, etc. 

Dr. Miigitot states distinctly, that the agency of mic 
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orgauisms in tlie production of these acida is admitted byl 
him, but discusses lliis pliuKe of the subject no farther. Hel 
makes no eifort to det«ruiiue t*) what extent these acids uiayil 
be formed iu the mouth. All of liis esperiments were triettl 
out of the mouth, aud no provision whatever waa made 
ascertain tlie effect that fermentation mav have had on hiaa^ 
solutions in the progress of his exjieri mentation. This being! 
the ease, tlie only result of the esperiments is the determin&^l 
tion of the strength of the solutions of these diSereut acid^fl 
necessary to decalcify a tooth. 

This, together with the facts obtained from other s< 
showing tiiat must of these acida are the products of certain 
fermentations that may go on iu tlie mouth, gives much fore 
to Dr. Magitot's conclusions. 

Very soon after Dr. Magitot's work, in the same year^U 
indeed, came the work of Lieber and Rottenstein, to whlij 
we have referred. The work seems to have been written few 
the express purpose of showing that decay of the t«eth i 
caused by the life and development of the fungus known i 
leptothrix buccalis. In this the authors seem to have signalln 
failed. They certainly make but little advance toward tha 
demonstration of the parasitic theory of this affection. Indec 
they do not seem to have endeavored to show that this fungut 
does more than promote decay that has already bccotn 
established. 

They say, after having made an extensive examination d 
the life and growth of tlie leptothrix, " from what has b 
said, it results that two principal phenomena manifest them 
selves iu the formation of dental caries, viz., the action < 
acids, and the rapid develupmeut of a parasitic plaat, thQ^ 
leptothrix buccalis." They do uot suppose the leptothrix 
buccalis capable in itself of attacking the teeth, if their con- 
ditiou t)e normal, but when their surfaces are once softenet: 
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by acids, then the fungus may penetrate the portions thus 
softened and continue the destruction, Agaiu, they say, " It 
seems that tiie fungi are not able to penetrate an enamel of 
normal consistency. Tlie dentine itself, in its normal condi- 
tion of density, offers great diffienlties to their entrance, and 
we are not yet sure that the leptothrix could triuai{)h over 
this resistance." Agaiu, "We cannot decide at present ii" 
the leptothrix is able to [)euetrate sound dentine, when from 

any circumstance it happens to be denuded 

But, if the enamel or dentine are liecomc less resistant at 
any point, through the action of acids, or if, at the surface of 
the dentine, a loss of substance has occurred, then the elements 
of the fungus can pass into the interior of the dental tissues, 
and produce by their extension, especially iu the dentine, 
effects of softening and destruction much more rapid than 

the action of acids alone is able to accomplish 

The participation of the fungus is constant in the progress 
of caries which has reached this stage. As soon as a loss 
of substance can be shown, there is found the presence of 
the fungus, so that the question whether or no the acids 
alone could produce ravages more considerable is without 
importance." 

The modus operandi by which leptothrix raay produce 
softening of the dentine is left without explanatiou. We can 
conceive, however, that they may do something to assist the 
softening process by the outpouring of a digestive fluid. If, 
however, this fungus gave a fluid that would digest a tooth, 
we would think that sound teeth would be very scarce, for it 
grows abundantly in every mouth. 

Since the time of liieber and Rottenstein's work we remem- 
ber of no other of much importance having appeared on this 
subject. The discussion has eoutinued, however, in the jour- 
nals. We cannot now undertake to review this literature, . 
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iaterestiiig as it would be, but must content ourselves with | 
one writer, Dr. Miller, now of Berlio, 

Dr. Miller's experiments bear the stamp of being more>i 
carefully porfornieti than any that have previously come to 
our knowledge. This was to have been expected, from the 
fact that they are the latest, giving the experimenter the 
advantage of all that has gone before; aod for the reasoit 
that he is very favorably placed for such work, being in the 
midst of the best experimenters of the world. Therefore hi* 
work is looked to with unusual interest. 

We need not, however, notice any btit his last series of j 
articles, that which is now appearing. We cannot, of course^* 
criticise Dr. M.'s work now, for we have not heard him 
through ; but enough has appeared to show very clearly 
what the result will be. 

Dr. M. begins this series of articles with this sentence: 
"During the last two years I have stated at different times 
and places, as the result of many experiments, that 'the first 
stages of dental caries consist in a decalcification of the tissues 
of the teeth by acids, which are, for the greater part, generated 
in the mouth by fermentation.' The object of the investiga- 
tions described in this and the following papers, is to deter- 
mine this ferment, and the conditions essential to its action." 

We see from this, that Dr. Miller begins just where Dr. 
Magitot left off sixteen years ago. The discussion of the 
subject during these years has given us no additional facts, aa 
to the essential nature of the.^e phenomena; but the advance 
of thought in reference to the general subject of such investi- 
gations has been such that no man would now repeat Dr. 
Magitot's course of experimeutatiou with the same end in 
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I will give a very brief synopsis of Dr. M.'s course. AndJ 
while I do BO, I wish you to keep in mind the object he has i 
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view. It is iMlmitted tliat decay is brought about by acids, 
developed, or Dr. M. suppo'scs them to be developed by fcr- 
mentation of some kind. The object of this course of experi- 
ments is to iind and examine this supposed ferment. 

It is not necessary that I should describe in detail all the 
apparatus with which the espenmcnter provided himself; it 
is sufficieut to say that all the appliances for the prevention 
of error were used. The first question to determine was 
whether or not the ptyaline of the saliva could so change 
starch as to produce an acid. This question was soon decided 
iu the negative. The starch was promptly changed into sugar, 
but here the reaction ceased; the fluid remained permanently 
sweet when the proper precautions were observed to prevent the 
ingress of germs. This proves that the acidifying power does 
not belong to the saliva. It must then be something foreign. 

Now, a freshly extracted carious tooth was taken, all food 
removed, the outer portions of the decayed mass saturated 
with a ninety per cent, aohitiou of carbolic acid, to destroy 
any accidental germs that might be in this portion. Then, 
with an instrument, purifiud by heat after each cut, layer 
after layer of the softened dentine was removed until the 
inner portions were reaehed. Then a slice was quickly con- 
veyed to a sterilized culture medium, composed of sterilized 
saliva, water, sugar and starch, and placed in an incubator, 
together with another test-tube of the same culture fluid un- 
infected, to serve as a check. In twenty-four hours the 
infected culture became acid, while the other did not. This 
remained constant in a sufficient number of experiments to 
establish the fact that the acidity was due to the infection. 
From the cultures that had become acid, other cultures were 
infected, which also became acid, thus proving that the ex- 
perimenter was dealing with a ferment that was capable of 
propagating itself; au organized ferment. 
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Microscopic examinatiou showed that these cultures cnii- 
tained an orgauism siruilar to those found in the deeper layers i 
of carious dentine, and which remained constant in their char- | 
acters. Chemical examination, which seems to have been 1 
very carefully conducted, showed the acid produced to bel 
lactic acid. This acid has been shown to be capable of de- J 
composing the teeth by M. Magitot and many others. Yet 1 
Dr. Miller goes still further, and by placing sections of I 
dentine in his culture fluids that he has infected, finds that f 
they are decomposed by the acid formed ; while such aectioiis I 
placed in sneh fluids not infected are not changed. Thus he 1 
not only proves that an acid is formed, but that the acid is J 
formed in sufficient amount to destroy the dentine. 

This, when compared with the best experimentation previ- 
ously had, marks a great advance. One point seems to have I 
been gained. One organism has been traced thus far, and I 
may now be said to have been proven to be able to produce I 
certain of the phenomena of decay. But this is not all. 
There is much yet to be done. True, one other point ia-J 
spoken of by Dr. Miller. All who have made a carefuhl 
study of caries know that there is a peculiar enlargement ofil 
the tiibulea, which is not seen in dentine softened by ooida 1 
alone. Dr. Miller has beeu looking for this also, and not J 
without success; for in some sections of deutJae exposed toj 
the action of the cultures, he found the organisms crowding I 
into the tubules, and tells us that he also found them ( 
larged, as in natural csiries of the teeth in the mouth; indeed, J 
that he had before him veritable caries, artificially produced. 

This delineation of results of experimentation must hava-l 
great weight iu the settling of the problems at Issue ; especi-- 
ally if they are confirmed by other competent observers. I 
There is nothing in these experiments that is not iu harmony I 
witli known facts, unless it bo the widening of the tubules h 
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tlie crowding In of tlie organiBms. It is knowo, by previous 
experiment, that this widening is not cansefl by the lactic aciil 
as itexists dissolved in the Biirrniindiog medium. And I think 
very few will be willing to concede that the organisms can 
acoomplisli this by physical force. This point requires further 
investigation, and its study will doubtless lead to further dis- 
coveries. However, we think it may be explained in advance; 
at least, the effort may serve to direct experimentation. 

In a previous lecture we have dwelt at some length upon 
the digestive fluids of living organisms. Unexpectedly we 
find use for these ideas now, for they were written before we 
saw Dr. Miller's last article. I have explained how it is that 
dead bone, roots of the temporary teeth, ivory driven into 
the flesh, catgut ligatures, sponge, etc., are dis-solved and 
removed by a soluble ferment. I have also shown that the 
soluble ferment of the yeast plant has been found and proven : 
also that of ammoniacal fermentation; and how plants take 
up otherwise insoluble substances. Now this widening of tha 
tubules is a conceded fact. It is also shown that it is not 
done by the lactic acid in case of other experiments; nor can 
it be done by the physical force of the organisms; but il can, 
in all probability, be done by tbe digestive fluid of the organ- 
ism. The conditions for this work of the digestive fluid is 
the same as that of the granulations in widening the raeshea 
of the sponge and finally removing the last of it. As yet 
no such soluble ferment has been demonstrated in connection 
with this organism; but theoretically it must exist, aad if 
Dr. Miller should undertake to search for it, he will be able 
to demonstrate it speedily, and determine its co-operation in 
producing some of the phenomena of decay. At least, de- 
termine its capabilities.* This organism cannot be said to 

* Since the above wilh written Dr. Miller has also reported the finding 
of another micro -organism tlial he tbiiihs capable of producing cftrles. 
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liave been definitely and eomplolely studied until tliLt soluble 
ferment, or diastase, be Ibund, isolated, and its capabilities 
eejiarately determined.* 

It is by no means probable that tliis is the only organism 
that may stand in a causative relation to caries. The orj^au- 
ism of butyric fermentation, possibly that of acetic fermenta- 
tion, and a lai^e number of others of the acid fcrmeutations 
may cause decay; nor is it by any means a settled fact that 
deciiy of the teeth may not be brought about in part by other 
vital processes than the acid fermentations. Of this, bow- 
ever, we will speak later. 

Another question may arise in this matter, and need ex- 
planation. I have repeatedly said that the waste products 
of an organism prevented the activity of that organism, when 
collected in a certain amount. How, then, can this oi^anism 
continue to thrive in its own waste product, and thus con- 
tinuously promote caries by furnishiug more, and still more, 
of this waste product? Simple enough. Every chemist who 
has studied lactic fermentation has been in the habit of intro- 
ducing some form of lime into the fermenting fluid to '' fix" 
the lactic acid in the form of a lactate of lime, in which case 
it does not hinder the progress of the fermentation. In this 
way a much larger amount of the lactic acid may be obtained, 
as it is readily regained from its salts. This was learned long 
before the organism was found. Now in the production of 
caries, the tooth presents the lime for the formation of the 
lactate, and thus furnishes the very conditdone necessary to 
the continuous growth of the organism. 

In this connection, I wish to call attention again to a diffi- 
culty that has ever existed io the study of the action of 
oi'ganizcd germs in producing impressions of whatever kind, 
IS written Dr. Miller has reported the Hading of 
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wliellier it be illneaa or the disorganization of structures. 
The power of the life force ia always manifested in the rerao 
leculization of matter. The chemical forces of matter are 
the playthings of the life force. The molecule is compelled 
to admit other elements, is split in twain-, is torn to pieces for 
the formation of other molecu!e.s of a different character; and 
finally, it is cast aside, so changed in its molecular and physical 
characters that it is unrecognizable as the same, outside of the 
chemist's laboratory. Life is an immaterial force, but its 
dealings are with the material. In the study of the questions 
now before us, it is with these remoleculizations of matter 
that we have to deal. The mere physical power of these 
low organisms, while in some peculiar positions it may 
amount to something, may, as a rule, be left out of the 
count entirely. 

If micro-organisms decompose an organic body, they do so 
by furnishing, through their remoleculizations, a chemical 
substance capable of acting on that body. And, furthermore, 
this snlwtance may, and generally is, produced by the reiuo- 
leculization of the elements of the organic body bdng decom- 
posed. Bacterium lactis lives at the expense of starch or 
sugar. 

If micro-organisms cause an illness, a fever, or an inflam- 
mation, it is because that organism, iu its remoleculizations of 
matter, elaborates a toxic substance capable of producing 
these results. Wliat is the source of the greater number of 
the toxic substances known and used in the medical world 
to-day? Take strychnia, opium, quinia, rhubarb, aconite, vera- 
trum, atropia, nicotine, aud a host of others ; are they not 
the results of remoleculizations by the life force as manifested 
in plants? Then take alcohol, ammonia, succinic acid, pro- 
pionic acid, lactic acid, and many other toxic and irritaut sub- 
stances, are they not the result of remoleculizations, brought 
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about by tbt; lifu force, as manifested in tbe form of micru- 
orgaDisiDR? Does anyone pretend tbat all of the toxic boclk-s 
elaborated by micro-organisms have been found, and their 
effects on the animal economy made out? Certainly not. 
Then we may expeet to find others, if we make the search. 
It seems certain that every organism that is hurtful to man, 
is so by the elaboration of some substance tliut has toxic or 
irritant properties. 

As we have said, we have no doubt that there are other ] 
micro-organisms than the bacterium lactis that may be instru- 
mental in the production of dental caries. Nor do we tliiulc j 
that it is necessarily only acid -producing organisms that may- 
produce caries or some of its pheoomena. This, however, J 
need not be discusBe<l now, 

I wish now to turn your attention for a moment to another.] 
class of phenomena, and make some inquiry into their possible ' 
participation in the production of caries. I have already 
spoken of the strong probability that the otherwise normal 
tissues, wheu under the influence of certain qualities of infiam- 
mation, emit a fluid of acrid and very irritating properties. I 
About the neuks and other parts of children we sometimes 
see this fluid excoriating the skin wherever it touches 
seemingly acting the part of a caustic. I have already 
referred to the fact that dead bone, ivory driven into the flesh, 
sponge, catgut ligatures, etc., are dissolved and removed. This j 
causes us to inquire whether or not a substance may ba I 
elaborated in the same manner in the mouth, that may have 1 
its quota of efl%ct in the production of the phenomena of 1 
caries. 

I was thoroughly convinced that this was the case yeara j 
ago, though I endeavored to explain the results by the 1 
assumption tbat an acid was formed. This is entirely u 
necessary, Soluble ferments do not seem to depend for theic-J 
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action on either acidity or alkalinity. Tliey eeem to be con- 
trolled by some otlier than the known cbemiml laws, and 
llieir action is not yet understood. We have no means of ex- 
jjlaining them. If a piece of ivory thrust into the fleah is 
attacked and burrowed out in holes by a secretion thrown out 
by virtue of the irritation induced, as asserted by Kratise, 
Kolliker and other of the most ca[>able observers of the 
world, why may not a tooth be attacked in the same way, by 
virtue of an irritation of the tissues about its neck or during 
the irritation consequent upon its eruption when this is 
unuanally prolonged? As a matter of fact, it has been ob- 
served that decays are very proue to occur in just such situa- 
tions as tend to confirm this hypothesis. Thirteen years ago 
we drew attention to this in a paper before the Illinois State 
Dental Society. Both before and since that time I have 
given ranch attention to this point, and I am more than ever 
convinced that it has much to do with the beginnings of de- 
cay. I do not wish to be niisundei-stood in my view of this 
matter. It is not my notion that decays are initiated by this 
cause alone. It is only one of the first steps by which other 
forces which come later are rendered operative. The means, 
if you please, by which the surface of the tooth is first broken, 
and by which organisms are permitted to find a lodgment. 
Not a means by which a decay is carried on to the complete 
destruction of the tooth. This effect cannot be produced ex- 
cept while the tissues are in contact, or in very close proximity 
to the part in process of solution, for the reason that the 
secretion from the tissues would be dissipated in the fluids of 
the mouth before they could have time to produce their 
eflecta upon the tooth structure. 

The positions at which these results are seen are — wisdom 
teeth, that come through very slowly ; on the buccal surfaces 
of the molars generally; and sometimes on the labial surfaces 
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of the uplwr iuoisora. 
tliat they are very often decayed before they are fully througli 
the gum ia especially remarked ; and as a rule, if these decays 
are carefully noted at a very early period of their progress, 
it will be' seen that they are different from other decaya in 
several resj)ecta. It always has its beginning under the free 
margin of the guiu. There is usually no change whatever 
in the appearance of the tooth; the eye discovers nothing. 
The surface seems normal, or, at most, the portion of the 
tooth appears rather whitish ; but on trial with the excavator 
the instrument will, apparently, break in through the enamel 
jirisms, disclosing a cavity of very slight depth. It often 
happens that the enamel may be easily scraped away over a 
considerable space, as though it was so much chalk. The . 
depth will present much variation; often it is only a part of 
the thickness of the enamel, at other times we may find it 
extending into tlie dentine, in which it forma a veritable 
cavity. If there Is much depth, however, the characteristics 
will have assumed the more usual type- 
Occasionally we see this character of decay (if it may be so I 
called) in the grinding surfaces of the wisdom teeth; occa- 
sionally in the first molar also, where the tooth has come 
through very slowly, and the gum has been for a long time 
in a state of chronic irritation. It is characteristic of this 
effect that it is as often seen on the smooth surfaces of the i 
teeth as in the pita and grooves. No imperfection is necessary I 
to prepare the way for this manifestation. 

As we have said, this takes place under the gum ; is covered 
by the gum. Now, as the tooth rises higher and the surface . 
thus affected becomes exposed, these spots are prone to become 
the seat of true caries, with all of its usual manifestations. 
However, very often caries does not take place. In this cose 
a whitish spot is seen, which gradually assumes a yellowish I 
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tingo, tliao brownish, and finally becomes blaok. Tliis re 
is brought about by the settling into, or the formation in, the 
afflicted tissue of the black siilphurets; as I was tlie first to 
show. (Sec Report on Dental Clieraistry, by Dr. H. A. Smith, 
Transactions of the American Dental ABSociation, 1874, 
page 78.) 

We see these spots every day upon the sides of the molars, 
in every stage of coloration, from ashy while to a deep black. 
They are as apt to be on the otherwise smooth surfaces as in 
the pits and grooves. They may occur on any of the teeth, 
but are oftenest seen in the positions Dame<l, The decays 
that so often occur on the labial surfaces of the upper in- 
cisors, are often, though not uniformly, of the same character. 

Those decays that occur just at tlie junction of the enamel 
and cemeutum, in persons of middle age or past, also, occa- 
sionally, in younger persons, in very many cases, seem to be 
of the same character. Some irritation of tlio gum at the 
immediate spot seems to be one condition of their b^inniug. 
These also have some special characteristics not common to 
other decays. If they are closely examined very early, in 
their inception, it will be found that the cementum has been 
removed and that the margin of the enamel has become 
chalky. Soon after this, if the case contlnne to progress, the 
gum, which till now wa"? closely applied to the part, becomes 
everted so as to expose the breach in the tooth. This often 
becomes the seat of the most exquisite sensitiveness just at 
the present stage of the process, which calls the atteution of 
the patient to the spot. Generally, however, nothing can be 
seen by either patient or operator, except a slight eversion of 
the gum, and the slight grooved appearance of the neck of 
the tooth, which the operator is often puzzled to differentiate 
from the onrmal form of the tooth. However, if he will 
carefully press the gum away (and he will find this abnor- 
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uially sensitive) until he can eee the root of the tooth below 
plairil)', it will be easy to demonstrate that there him been a 
decided loss of siibstauee. Trial with an instrument will 
develop the fact that the surface within this groove is ex- 
ceedingly sensitive; the dentine is exposed. 

Now, if the case is left to itself, this sensitiveness will 
continue for some weeks, or even months, and then abate; 
and it will be found that the case has taken on the usual 
characters of decay. It may cease to [)rogreas and assume 
a dark color, or it may progress rapidly, and remain of a 
more or less ashy cast. 

It has been our opinion that this class of decays, if that 
term cnn be applied at this stage, is brought about in pre- 
cisely the same way that the root of a permanent tooth is 
partially absorbed on account of a chronic irritation of its 
peridental membrane. In other words, a soluble ferment has 
been called out by the irritation that has ditisolved out a part 
of the tissue at that point. Or, if you prefer to have it put 
in that way, a true absorption has taken place which forma 
the nidus for the future decay. 

Another class of decays are very common, which I have 
studied very closely, and which seem to be of the same 
charaeler in their inception. These begin under the free 
margin of the gum, under plates that abut closely against the 
teeth. These are usually very rapid in their course, evidently 
for the reason that as soon as the free margin of the gum is 
everted, a pocket is forme<l by aid of the plate, in which fer- 
mentation can proceed to the very best advantage. It does 
not seem that the beginning of this decay is often after the 
eversion of the gum has uncovered the spot. Of course we 
often see decays occur where clasps encircle the teeth that are 
high up on the crown. Such must not be confounded with 
tliuae that begin at the margin of the ecmentum. 



THE GERM THEORY OF CARIES. 1G9 

A question of great interest here, and the findings of Dr. 
Miller make it doubly so, is the composition of the fluid that 
is instrumental in the absorption of bone. I believe that I 
have already referred to the opinion of Krause, and others 
who regard it as containing lactic acid as its active principle. 
Krause bases this opinion on the behavior of the tissue form- 
ing this substance toward staining agents. From his experi- 
ments, it seems quite certain that the substance has an acid 
reaction, but the particular acid seems to me to be undeter- 
mined. The action that we see in the absorption of the roots 
of the teeth is not the action of lactic acid alone. This acid 
dissolves the lime salts only, leaving the tissues of the tooth 
behind in the normal form, as has been well shown by Magitot 
and many other capable experimenters. 

This, of course, excludes the lactic acid as the exclusive 
agent in the work. Nevertheless, the secretion may contain 
this acid in combination with some other active principle. 
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/r^. David^.'smllA!"' ' "V * ™ 

'fl We examined it with soine care, and think it a good book, 
b ' Sf a tn dMK? -—A ^B. Palmtr. 
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BIDDLE'S MATERIA MEDICA. 
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Ricsmminiltd at a Tejct-iimt at Vale Colligi, thanirailf ^f 
MiMruK, CilUgt ^ Phficians and Surriaws, Bailimart, 
BJiimiirt Midlcal CalU!gt, LoulmilU Midital Celltge, 
and a numier iifetkir CsUtgts Ikraaghaal Iht U. S. 
BIDDLE'S MATERIA MEDICA. For the Use orsiudenla stid 
PhysiciBM, By the late Proi'. John B, Bidolb, ij,t.., ProBa- 
iOT of Maleila Medica in Jefferson Medical CollcKe, Phtladdpbiii, 

«rHten!°b¥ hl^"™!!, cZ^bk? Bl'DDLi.^.i)'" pS'l^K^tiS^t 
Surgeon, tJ. S, Navy, aisisted by Hhniii Mobkis, m.b. 

0Z.OTH, »4,00 j liilATHEB, 04.75. 

" I nball unhesilatingly recommend jl (the gth Edirinn) to my 

tludenti al the Billevui HosnuL Medicai. Collbgi.— /V^, 



students vrilb a reliable guide."— CiKoffl Mid. J^. \ 
li EdldoD contains all the additions and^cbania 1b ' 
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Plaice, handsomely prinlnj. Demi SvD, cloth, fj.^ 

FLOWER, DIAGRAMS OF THE NERVES of Iht Humui 
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IllustratlciiH. Bvo.clDtb.t..o<.- leather. »t.oa 
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Ninlh American Edition. 8vo, cloth, fa.oo 

MANN'S PSVCHOLOQICAL MEDICINE and AUiedllcr- 

ti'ons. Bvo, cio^; I5.00 ; lealhtr. I6.00'. 



PARKES- PRACTICAL HYGIENE. Siath Revised andEn- 
largtd Edltinn. lilusiraied, Svo, cloth, (3,00 

RIGBY'S OBSTETRIC MEMORANDA. yimo, cloth, .;ri 

SANDERSON ft FOSTER'S PHYSIOLOGICAL LABOR- 
ATORY. A Handbool. for the lahoratoty. Over 350 lUnslra. 
tions. 8.o,dolh,j5.oo; Icalher, »«.(«. 

WILSON'S HUMAN ANATOMY. General and Special 
Tenth Edition, it Cnlored Plate!; and Aii Ill.L>itc3tiaDS. If.in 

WYTHE'S 



ACTON. ON THE REPRODUCTIVE ORGANS. Theii 
Functions, Disorders and Treamcnt. 6th Edition. Cloth, t'oa 
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Tteaunenl Second Edition, Svo, cloth, fe.ja 
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By LuTHEnHaLnEK.M.ti., Late President ofthe Royal College 
nfSmgeonsofEngUnd.Coniuliing Surgeon 10 Si, Banholomei?^ 
Hospital. Fifth ^Ition: edited by John Lj^KcraN, u.u., p.r.c.s . 

plul; Menibcrof Ihe Board of Enainlne'n, Royal Colh^e of Hur- 
eeona of England; wilh mt fine Wood Engravii^!. Octavu. 
About SBopsges. C1olb.t4.;o^ Leather, (j. 50, 



REESE'S 
MEDICAL JURISPRUDENCE 

AND TOXICOLOGY. 

A Text-book of Medical Jurisprudence and Toxicology. By 
John J. Rbrsb, m. d., Professor of Medical Jurisprudence and 
Toxicology in the Medical and Law Departments of the University 
of Pennsylvania ; Vice-President of the Medical Jurisprudence So- 
ciety of Philadelphia ; Physician to St. Joseph's Hospital ; Corres- 
ponding Member of the New York Medico-legal Society. One 
Volume. Demi Octavo. 606 pages. Cloth, $4.00; Leather, $5.cx>. 

" Professor Rbbsb is so well known as a skilled medical jurist 
that his authorship of any work virtually guarantees the thorough- 
ness and practical character of the latter. And such is the case in 
the book oefore us. * * * * We might call these the 
essentials for the study of medical jurisprudence. The subject 
is skeletonized, condensed, and made thoroughly up to the wants of 
the general medical practitioner, and the requirements of prose- 
cuting and defending attorneys. If any section deserves more dis- 
tinction than any other, as to intrinsic excellence, it is that on toxi- 
cology. This part of the book comprises the best outline of the 
subject in a given space that can be found anywhere. As a whole, 
the work is everything it promises and more, and considering its 
size, condensation, and practical character, it is by far the most 
useful one for ready reference that we have met with. It is well 
printed and neatly bound. — N. V. Medical Record, Sept. 13th, 1884. 



RICHTER'S CHEMISTRY, 

A TEXT-BOOK of INORGANIC CHEMISTRY for STUDENTS. 

By PROP. VICTOR von RICHTER, 

University of Breslau, 

Authorized Translation from thb Third German Edition, 

By EDGAR P. SMITH, M.A., Ph.D., 

Prof essor of Chemistry in Wittenberg College tSfring/ield^ Ohio: 
formerly in the Laboratories of the University of Pennsyl- 
vania; Member of the Chemical Society of Berlin. 

12mo. 89 Wood-cuts and Col. Lithographic Plata of Spactra. $2.00 

In the chemical text-books of the present day, one of the striking 
features and difficulties we have to contend with is the separate 
presentation of the theories and facts of the science. These are 
usually taught apart, as if entirely independent of each other, and 
those experienced in teaching the subject know only too well the 
trouble encountered in attempting to eet the student properly in- 
terested in the science and in bringing him to a clear comprehension 
of the same. In this work of Prof, von Richtbr, whicn has been 
received abroad with such hearty welcome, two editions having 
been rapidly disposed of, theory and fact are brought close together, 
and their intimate relation clearly shown. From careful observa- 
tion of experiments and their results, the student is led to a correct 
understanding of the interesting principles of chemistry. 

In preparation, " ORGANIC CHEMISTRY,' By the same 
author. Translated. 
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TAN HABLINOEN OS SKIN DISEASES. 

A Hanilboak of the Diseases of the Skin, tbeir Di> 
ii);iio5is and Treatment. By Arthur Van Hsrliagen, M.D., 
Trofessor of Diseases of ihe Skin in (he Philadelphia 
Polyclioic, Consuhing Physician lo Ihe Dispensaiy for 
iikin Diseases, elc. IlluEtrated by two colored litho- 
graphic ptatet. 

12M0. 264 PAGES. CLOTH. PRICE fiT.TG. 
•.•This ii ■ camplcu epitome of skin diseases, artanged inal- 
phabeCical order, giving [he diagnosis and Lrcatmi^nl in a caDcitc. 
pnaical way. Many prcscTiplioAS sire^iven (harhave never been 

The plates do not rep«aeBI one or iwo cases, buT are compoaedoFa 
number of figmes. accurately coloccd, showing ihe appeuancc of 
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The Practice of Medicine and .Sur(;ery, as applied to the 
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Professor of GyniKCQlogy in Rash Medical College ; 
of Obstetrics in the Woman's Medical College; Sur- 
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over 160 Illasttations, Octavo. 

PRICE, CLOTH, IE.OD; LEATHER, (6.00. 
" The treatise is as comidcle a one as Ihe present stale of our 

science wlU admit of l^lng written. We commend it 10 the dllit<Bi 

culcatB sound principles and lead to enlightenH] practice " — Wen 
Yrrk MrJicmiltnoTd. 

partmeDt, aikd has embodied in the present work the results of a 
wide field of practical observation, we bave not bad time to tead 
its pages critically, but freely comnncud it to all our readers, as one 
of the most valnahle practical works issued ^m the American 

UACKEKZIE, THE THROAT AND NOSE. 

By MoRBLL Mackbkzie, m.»., Senior Physician to the 

Hospital for Diseases of the Chest and Throat; Lecturer 

□n Diseases of Ihe Throat at Ihe London Hospital, etc. 

Vol, I. Including the Pharynx, Larynx, Trachea, 

etc. 112 Illustrations. Cloth,84.ooi Leather,(s.oo 

Vol. II. Diseases of the CEsophagus, Nasal 

Cavities AND Neck. Cloth, (3.00; Leather, $4,00 
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YEO'S PHYSIOLOGY. 

« MANUAL FDR STUDENTS. JUST READY. 
300 CAREFULLY PRINTED ILLUSTRATIONS. 
FULL GLOSSARY AND INDEX. 
By Gerald F. Yeo. m.d., f.h.cs.. Professor of Physi- 
ology in King's College, London. Small Octavo. 750 
pages. Over 300 carefully printed lUubttalions. 

PRICE. CLOTH. 14.00: LEATHER, (B.OO. 
' By hit ricellFiit iKuitial, Piof. Yeo hu tujiplied s vani which 
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of Phyiiology."— /Vfl/: H. P. Bowdllck, Harvard , 

■• Tht brief cxaminidan I have given ll wu » Biv 
placed ii Id ihe list of text-booki recommeaded In 1)1 
Ihe Unlvenllr Medical College."— /'r^ Ltwii j\ 



RINDFLEISCH. 

THE ELEMENTS OF PATHOLOGY. 

TRANSLATED BY WM. H. MERCUR. M.D. 
REVISED AND EDITED BY PROF. JAS. TYSON. 
O/lii UniviTiity n/ PixHsyl-vania. 
363 PAGES. CLOTH. PRICE (i.™, 
*j,*Il is the object of Prof. Rindfleisch to present in 
this volume of moderate aie the fatidamenlal principles 
of Pathology A lurge number of the general processes 
which uDiierlie disease, a knowledge of which is essen- 
tial to the practical physician, are plainly presented. 
They include, among others, inflammation, tumor foima- 
lion. fever, derangements of nutrition, includii^ atrophy, 
derangements of the movement of the blood, of hlotrd 
formation and blood purilication,hypera»thesia,anEesthe. 
sia, convulsions, paralysis, etc. The well-known reputa- 
tion of the author, his thorough familiarity with and his 
methodof treating the subject, make this most recent work 
peculiarly useful to tbe student, as well as to the pmc* 
dcing phyacian who wishes to brush ap his pathology. 
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